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5.1 Project description and transmission facilities required for interconnection 

Thoroughbred Generating Company, LLC  (TGC) intends to construct the 
Thoroughbred Generating Station (TGS) in Muhlenberg County, Kentucky.  The 
plant will be comprised of two 750 MW (nominal) generators in a split bus 
arrangement.  One generator will tie to the Big Rivers Electric Corporation 
(BREC) transmission system through a 345 kV connection.  The other generating 
unit will be tied to the Tennessee Valley Authority (TVA) transmission grid by way 
of a 500 kV connection.  Initially, the two generator connections will be operated 
electrically independent from each other since no TGS switchyard tie between 
the 345 kV and 500 kV buses is planned.

Transmission line construction will be necessary to connect the TGS to the 
electric transmission grid in Kentucky.  Thoroughbred proposes to make this 
electrical interconnection within an approximate 20-mile corridor, which extends 
to the North and South of the proposed site of TGS.  This corridor resides in Ohio 
and Muhlenberg Counties of Kentucky.  This corridor will have the terminal points 
of D. B. Wilson Power Plant switchyard to the North (Ohio County) nearest 
Matanzas, Kentucky, which is owned by BREC.  The Southern terminal point will 
be at a location near the Paradise Power Plant (Muhlenberg County), near 
Drakesboro, Kentucky, which is owned by TVA.  The proposed TGS will sit near 
the mid-point of this corridor. 

TGC has created a one-line sketch and it is shown below on the next page 
entitled “Proposed Transmission Interconnection, June 2003 Rev 06.”  This 
sketch highlights the major facilities (new construction) that have been identified 
by the providers as being required for interconnection.  This sketch does not 
show relaying and terminal work, line upgrades or breaker upgrades, all of which 
have also been identified.

The majority of these facilities that providers have identified as required for 
interconnection, would be common to any base-load generation addition in the 
immediate area of our site.  That is to say any project seeking interconnection to 
BREC or TVA in the vicinity, would likely encounter the need to construct the 
same facilities and is therefore a good use of common infrastructure.  The robust 
TGS interconnection plan will likely provide additional generation outlet capability 
beyond TGC needs. 
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5.2 Request for Interconnection Service and status 

TGC submitted applications for Interconnection Service from both BREC and 
TVA in March of 2001.  Since that time, TGC has been actively engaged with 
both parties to bring about an interconnection plan that meets the needs of TGS 
and creates an enhancement to the greater system.

Since submitting the BREC application, BREC’s interconnection process has led 
to completion of a Feasibility Study in June of 2001 and facilitated a multiple 
party Interconnection System Impact Study, which was completed in February 
2003.  Commonwealth & Associates, Inc. performed the study, while participants 
included BREC, Louisville Gas and Electric/Kentucky Utilities (LGE), Owensboro 
Municipal Utilities (OMU), TVA and the Midwest Independent System Operator 
(MISO).  BREC is currently conducting a Facility Study, which will estimate the 
costs of all facilities required for interconnection.  Projected completion date for 
the Facility Study is July of 2003.

TVA interconnection process initially moved slower because of the backlog of 
interconnection requests from independent power producers.  TVA completed 
the Interconnection System Impact Study in July of 2002.  TVA is currently 
conducting a Facility Study, which is projected to be completed in December of 
2004.

Following the substantial completion of the Facility Study by each respective 
provider, TGC will negotiate and ultimately execute an Interconnection 
Agreement with both BREC and TVA for the respective TGS interconnections.   

Please note that TGC intends to make application for a Construction Certificate 
for any merchant electric transmission facilities that it will be required to own and 
operate under a separate filing.  Upon the conclusion of Facility Studies by each 
provider and sufficient progress on the Interconnection Agreements, detailing 
contractual requirements for interconnection and location of change in 
ownership, TGC will make separate application for the merchant electric 
transmission facilities they will own, if any, as required by Kentucky State law. 

5.3 Summary of each study performed to date 

A total of five interconnection studies have been performed for TGS.  TGC has 
contracted for two independent interconnection studies to be performed and 
three other studies have been completed in conjunction with the transmission 
provider’s interconnection process.  The complete studies have been included in 
this application in section 5.4 below, however TGC has given a summary of each 
study below for convenience.



5.3.1 Summary of Black & Veatch Thoroughbred Site System Impact Study 

Black & Veatch was commissioned by Peabody Holding Company to perform a 
system impact study investigating the effects of interconnecting new generation 
at the proposed TGS site.  This study was initiated when Peabody was 
evaluating the merits of several potential sites for generation projects.  Numerous 
interconnection configurations were evaluated.  Among those investigated is the 
current interconnection plan.  The study utilized traditional single contingency 
load flow analysis to compare and contrast interconnection configurations based 
on performance and cost.  The study was completed in March of 2001 and 
Peabody used this study to help them formulate the basis for the proposed 
interconnection configuration in their application for service to the transmission 
providers.

5.3.2 Summary of BREC Interconnection Feasibility Study 

After making application for Interconnection Service to the BREC system, they 
performed an initial review of several interconnection options to determine if the 
interconnection of generation at this point on the system was feasible.  They 
used normal and first contingency analysis to predict overloads on the system   
and compare various interconnection plans involving 750 and 1500 MW 
connections.  The Interconnection Feasibility Study was completed in June of 
2001 and concluded that a couple of the interconnection options had merit and 
should be studied in more depth in a regional study with input from other utilities 
in the surrounding area. 

5.3.3 Summary of BREC Regional Interconnection System Impact Study 

In August of 2001, BREC contracted with Commonwealth & Associates Inc. to 
perform a full-blown Regional Interconnection System Impact Study with input 
and review from BREC, LGE, OMU and TVA.  MISO became involved in an 
advisory role in summer of 2002.  MISO expanded the list of generators included 
in the stability portion of the interconnection study, which was their largest 
concern.  The study effort was comprehensive and spanned nearly a two-year 
period of time with its completion in February of 2003.  The scope of the study 
included traditional load flow, short circuit and stability analysis.  Several 
interconnection options were evaluated. All participants were given ample time 
to review results and conference calls were held periodically to discuss results 
and status of the study.  This study formed the basis for determining the facilities 
required for interconnection to the BREC system. 

5.3.4 Summary of Navigant Interconnection Study for proposed tie to TVA 

Because of TVA’s generator interconnection queue, they indicated that they 
would not begin work on the TGS Interconnection System Impact Study for at 
least a year from the time of our application.  As a result, TGC contracted with 



Navigant Consulting, Inc. to perform an interconnection study for the proposed tie 
to the TVA system.  The study scope included normal and contingency load flow 
analysis to determine the suitability of the proposed interconnection configuration 
and development of preliminary cost estimates for the facilities that would have to 
be constructed or upgraded to mitigate the impacts of the TGS interconnection.
This study was completed in March of 2002. 

5.3.5 Summary of TVA Interconnection System Impact Study 

Although TVA received the TGC application for Interconnection Service in March 
of 2001, TVA was not able to begin our study until spring of 2002 due to other 
interconnection requests received ahead of TGC in the interconnection queue.
Once initiated, TVA rapidly performed a rigorous review of our proposed 
interconnection and completed the study in July of 2002.  Their review included 
load flow, short circuit and stability analysis.  While the study was 
comprehensive, the attached “study results” (included in Section 5.4.5) are very 
brief.  The contents of the results are limited to a list of direct assign and network 
upgrade facilities, along with planning accuracy cost estimates for each facility.
Section 5.4.5 constitutes all information received from TVA regarding our 
interconnection request.

5.3.6 Summary of MISO Transmission Expansion Plan 2003 

MISO Board of Directors recently approved the MISO Transmission Expansion 
Plan 2003, which is a comprehensive regional transmission planning effort for the 
Midwest.  A portion of the interconnection and network upgrades facilities, 
associated with the Thoroughbred project, were identified as having large 
consumer benefit in one of the exploratory plans identified by MISO, the 
Rockport to Paradise to Wilson (TN) 500kV project.  We have enclosed the 
executive summary from the MISO Transmission Expansion Plan 2003 for your 
review.



5.4 Interconnection Studies 
5.4.1  Black & Veatch Initial Interconnection Study    
  (March 2001) 





















































































































































































































































































5.4.2  BREC Interconnection Feasibility Study     
   (June 8, 2001)  











5.4.3   BREC Regional Interconnection System Impact Study 
 (February 26, 2003) 



THOROUGHBRED ENERGY CAMPUS 

INTERCONNECTION STUDY 

REPORT

Prepared for 

Big Rivers Electric Corp. 

Participating Utilities: 

LG&E Energy 
Owensboro Municipal Utilities 

Tennessee Valley Authority 

Prepared by 



THOROUGHBRED ENERGY CAMPUS 

INTERCONNECTION STUDY 

VOLUME I 

Prepared for 

Big Rivers Electric Corp. 

Participating Utilities: 

LG&E Energy 
Owensboro Municipal Utilities 

Tennessee Valley Authority 

Prepared by 

VOLUME 1 NOT PROVIDED TO
 THOROUGHBRED GENERATING COMPANY, LLC.



THOROUGHBRED ENERGY CAMPUS 

INTERCONNECTION STUDY 

VOLUME II 

Prepared for 

Big Rivers Electric Corp. 

Participating Utilities: 

LG&E Energy 
Owensboro Municipal Utilities 

Tennessee Valley Authority 

Prepared by 

VOLUME 2 NOT PROVIDED TO
 THOROUGHBRED GENERATING COMPANY, LLC.



THOROUGHBRED

ENERGY

CAMPUS 

INTERCONNECTION
STUDY

REPORT

Prepared for 

Big Rivers Electric Corp. 

Participating 
Utilities:

LG&E Energy 
Owensboro Municipal Utilities 

Tennessee Valley Authority 

Prepared by: 



THOROUGHBRED ENERGY CAMPUS 

INTERCONNECTION STUDY 

REPORT

Prepared for 

Big Rivers Electric Corp. 

Participating Utilities: 

LG&E Energy 
Owensboro Municipal Utilities 

Tennessee Valley Authority 

Prepared by Approved for submittal: 
R.D. Cook, P.E. 
T.L. Orloff 
 David A. Shafer, P.E. 
At the offices of Manager, Electrical Systems 
Commonwealth Associates, Inc. 
P.O. Box 1124 
Jackson, Michigan 49204-1124 
February 26, 2003 



W:\Thoroughbred\Permitting\Siting_Permit\Transmission\BREC SIS\Report.doc i Commonwe

TABLE OF CONTENTS 

REPORT

Section Page

INTRODUCTION..........................................................................................................................1
EXECUTIVE SUMMARY ...........................................................................................................1 
ASSUMPTIONS AND CRITERIA..............................................................................................7 
STUDY METHODOLOGY..........................................................................................................8 

Appendices            

APPENDIX A  EXHIBITS 
I.   Preferred Interconnection Plan 

A1 Comparison of Preferred Interconnection Plan With and Without MISO 
Generators and Base Case with MISO Generators to Base Case 

A2  Short Circuit Impacts 
 A3 Short Circuit Detailed Results 
 A4 Transient Stability Results for the Preferred Interconnection plan with MISO 
 A5 Transient Stability Results for the Base Case with MISO 
 A6 Transient Stability Results for the Base Case without MISO 
 A7 List of Contingencies 
 A8 Area Zone Report 
 A9 MISO Region 11 and AEP Generators Included in Power Flow Models 
 A10 Dispatch Used When including MISO Region 11 and AEP Generators 
 A11 Overloaded Facilities for Preliminary and MISO Power Flow Studies 
 A12 Rotor Models Used for Transient Stability - Type GENROU 
 A13 Exciter Models Used for Transient Stability - Type EXST1  
 A14 Governor Models Used for Transient Stability - Type GAST  
 A15 Governor Model Used for Thoroughbred - Type TGOV1 
 A16 Stable Generator Response for Fault at Wilson 345 kV 
 A17 Generator Response for Fault at Wilson 345 kV with Stable and Unstable 

Clearing Times 

II.   Preliminary Case Studies 
A21 Impacted Facilities due to Interconnection Options I, IIA and III 

Interconnection I 
A22 Comparison of Case 101 and Case 201 to Base Case 

 A23 Comparison of Case 111 and Case 211 to Base Case with Loss of Brown N Unit 
#3



W:\Thoroughbred\Permitting\Siting_Permit\Transmission\BREC SIS\Report.doc ii Commonwe

 A24 Comparison of Case 121 and Case 221 to Base Case with Loss of Green River 
Unit #4

Interconnection IIA 
A25 Comparison of Case 141 and Case 241 to Base Case 

 A26 Comparison of Case 151 and Case 251 to Base Case with Loss of Brown N Unit 
#3

 A27 Comparison of Case 161 and Case 261 to Base Case with Loss of Green River 
Unit #4 

Interconnection III 
A28 Comparison of Case 171 and Case 271 to Base Case

 A29 Comparison of Case 181 and Case 281 to Base Case with Loss of Brown N Unit 
#3

 A30 Comparison of Case 191 and Case 291 to Base Case with Loss of Green River 
Unit #4 

Area Losses for Preliminary Studies 
 A31 Area Losses in MW for Preliminary Power Flow Studies – Interconnections I, IIA 

and III 

APPENDIX B DRAWINGS 
B1 Location of MISO and AEP Generators With Signed Interconnection Agreements 

(IA)
B2 Identification of MISO and AEP Generators in North and South Groups 
B3 Thumbnail of MISO and AEP IA Generator Connections 
B4 Thumbnail of Interconnection Options I, IIA, and III 
B5 One Line of Contingencies 

APPENDIX C BASE CASE MODEL DEVELOPMENT 
C1 8/24/01 – Multiple Contingencies and Base Case Modifications from BREC 
C2 8/24/01 – Data for Base Case Modifications from TVA 
C3 8/29/01 – Multiple Contingencies and Base Case Modifications from OMU 
C4 8/30/01 – Generation Dispatch for Base Case from BREC 
C5 9/4/01 – Data for Base Case Modifications from LGEE 
C6 10/19/01 – Contingency Changes for Base Case from BREC 
C7 11/5/01 – Revised Line and Facility Ratings from LGEE 
C8 11/7/01 – Revised Line Rating from BREC 
C9 3/12/02 – Revised Line Rating Change from LGEE 
C10 4/3/02 – MISO Involvement in Thoroughbred Project from Peabody 
C11 4/5/02 – MISO Involvement in Thoroughbred Project from LGEE 
C12 05/02/02 – Change in Generation Dispatch for Light Load Case from BREC 
C13 6/6/02 – List of Generators with Signed Interconnection Agreements from MISO 
C14 5/17/02 – Final Generator Stability Data from Peabody 



W:\Thoroughbred\Permitting\Siting_Permit\Transmission\BREC SIS\Report.doc iii Commonwe

VOLUME I 

APPENDIX D TRANSIENT STABILITY RESULTS 
Figure A Change of Machine Angle in Degrees 
Figure B Machine Speed in Per Unit 

Transient Stability Summary Charts 
D4 Transient Stability Results for the Preferred Interconnection plan with MISO 
D5 Transient Stability Results for the Base Case with MISO 
D6 Transient Stability Results for the Base Case 

Preferred Interconnection Plan with MISO 
D11 Fault at Wilson on Wilson to Reid 345 kV Line Cleared at 6 Cycles 
D12 Fault at Wilson on Wilson to Reid 345 kV Line Critical Clearing, 8 Cycles 
D14 Fault at Wilson on Wilson 345/161 kV Transformer Critical Clearing, 12 Cycles 
D15 Fault at Wilson on Wilson to Green River 161 kV Line Cleared at 6 Cycles 
D16 Fault at Wilson on Wilson to Green River 161 kV Line Critical Clearing, 12 

Cycles
D22 Fault at Reid on Reid to Wilson 345 kV Line Critical Clearing, 18 Cycles 
D24 Fault at Reid on Reid 161/345 kV Transformer Critical Clearing, 11 Cycles 
D26 Fault at Reid on Reid to Daviess 161 kV Line Critical Clearing, 11 Cycles 
D28 Fault at Reid on Reid 69/161 kV Transformer Critical Clearing, 28 Cycles 
D32 Fault at Green River on Green River to Wilson 161 kV Line Critical Clearing, 16 

Cycles
D34 Fault at Green River on Green River 138/161 kV Transformer Critical Clearing, 

15 Cycles 
D36 Fault at Green River on Green River to Green River Steel 138 kV Line Critical 

Clearing, 15 Cycles 
D38 Fault at Green River on Green River 69 /161 kV Transformer Critical Clearing, 

11 Cycles 
D42 Fault at Coleman on Coleman to Smith 345 kV Line Critical Clearing, 25 Cycles 
D44 Fault at Coleman on Coleman 161/345 kV Transformer Critical Clearing, 13 

Cycles
D46 Fault at Coleman on Coleman to Hancock Co.161 kV Line Critical Clearing, 13 

Cycles
D52 Fault at Smith on Smith to Hardinsburg 345 kV Line Critical Clearing, 17 Cycles 
D54 Fault at Smith on Smith 345/138 kV Transformer Critical Clearing, 11 Cycles 
D56 Fault at Smith on Smith to Green River Steel 138 kV Line Critical Clearing, 12 

Cycles
D60 Fault at Montgomery on Montgomery to Davidson 500 kV Line Critical Clearing, 

5 Cycles 
D70 Fault at Paradise at 500 kV Bus Critical Clearing, 6 Cycles 
D80 Fault at Thoroughbred on 500 kV Bus Critical Clearing, 7 Cycles 
D82 Fault at Thoroughbred on 345 kV Bus Critical Clearing, 9 Cycles 



W:\Thoroughbred\Permitting\Siting_Permit\Transmission\BREC SIS\Report.doc iv Commonwe

MISO Base Case 
D112 Fault at Wilson on Wilson to Reid 345 kV Line Critical Clearing, 17 Cycles 
D122 Fault at Reid on Reid to Wilson 345 kV Line Critical Clearing, 20 Cycles 
D132 Fault at Green River on Green River to Wilson 161 kV Line Critical Clearing, 16 

Cycles
D142 Fault at Coleman on Coleman to Wilson 345 kV Line Critical Clearing, 24 Cycles 
D152  Fault at Smith on Smith to Hardinsburg 345 kV Line Critical Clearing, 34 Cycles 
D160  Fault at Montgomery 500 kV Bus Critical Clearing, 7 Cycles 

Base Case 
D211 Fault at Wilson on Wilson to Reid 345 kV Line Cleared at 6 Cycles 
D212  Fault at Wilson on Wilson to Reid 345 kV Line Critical Clearing, 15 Cycles 
D215  Fault at Wilson on Wilson to Green River 161 kV Line Cleared at 6 Cycles 
D216  Fault at Wilson on Wilson to Green River 161 kV Line Critical Clearing 11 

Cycles
D222  Fault at Reid on Reid to Wilson 345 kV Line Critical Clearing 20 Cycles 
D232  Fault at Green River on Green River to Wilson 161 kV Line Critical Clearing 16 

Cycles
D242 Fault at Coleman on Coleman to Wilson 345 kV Line Critical Clearing 25 Cycles 
D244 Fault at Coleman on Coleman 161/345 kV Transformer Critical Clearing 13 

Cycles
D252 Fault at Smith on Smith to Hardinsburg 345 kV Line Critical Clearing 33 Cycles 
D260 Fault at Montgomery 500 kV Bus Critical Clearing 6 Cycles 

PREFERRED INTERCONNECTION PLAN 

APPENDIX E STUDY CASE C271s05 RESULTS 
APPENDIX F BASE CASE BC02LL RESULTS 
APPENDIX G STUDY CASE C271LL02 RESULTS 
APPENDIX H MISO BASE CASE BS05sMF RESULTS 
APPENDIX I  MISO STUDY CASE C271s05MS RESULTS 
APPENDIX J  MISO STUDY CASE C271s05MF RESULTS 

VOLUME II 

BASE CASES 
APPENDIX E BASE CASE BC05s01 RESULTS 
APPENDIX F BASE CASE BC05s11 RESULTS 
APPENDIX G BASE CASE BC05s21 RESULTS 

PRELIMINARY POWER FLOW CASES 
INTERCONNECTION I 
APPENDIX H STUDY CASE C101s05 RESULTS 
APPENDIX I  STUDY CASE C111s05 RESULTS 



W:\Thoroughbred\Permitting\Siting_Permit\Transmission\BREC SIS\Report.doc v Commonwe

APPENDIX J  STUDY CASE C121s05 RESULTS 
APPENDIX K STUDY CASE C201s05 RESULTS 
APPENDIX L STUDY CASE C211s05 RESULTS 
APPENDIX M STUDY CASE C221s05 RESULTS 

VOLUME III 

INTERCONNECTION IIA 
APPENDIX N STUDY CASE C141s05 RESULTS 
APPENDIX O STUDY CASE C151s05 RESULTS 
APPENDIX P STUDY CASE C161s05 RESULTS 
APPENDIX Q STUDY CASE C241s05 RESULTS 
APPENDIX R STUDY CASE C251s05 RESULTS 
APPENDIX S  STUDY CASE C261s05 RESULTS 

INTERCONNECTION III 
APPENDIX T STUDY CASE C171s05 RESULTS 
APPENDIX U STUDY CASE C181s05 RESULTS 
APPENDIX V STUDY CASE C191s05 RESULTS 
APPENDIX W STUDY CASE C271s05 RESULTS 
APPENDIX X STUDY CASE C281s05 RESULTS 
APPENDIX Y STUDY CASE C291s05 RESULTS 



W:\Thoroughbred\Permitting\Siting_Permit\Transmission\BREC SIS\Report.doc 1 Commonwe

INTRODUCTION

Peabody Energy has requested that they be allowed to interconnect the Thoroughbred Energy 
Campus, a planned 1,500-megawatt mine mouth, coal-fueled electric generating station in 
Muhlenberg County, Kentucky.  One of the two proposed 750 MW generators is to be 
interconnected to the Big Rivers Electric Corporation (BREC) 345 kV Wilson Substation and the 
second 750 MW generator is to be connected to the Tennessee Valley Authority (TVA) 500 kV 
Paradise Substation.  Since this project jointly impacts BREC, LG&E Energy (LGEE), 
Owensboro Municipal Utilities (OMU) and TVA, Commonwealth Associates, Inc. (CAI) was 
contracted by BREC to perform a joint Transmission Interconnection Study combining the 
interest of all the parties. 

The preliminary studies investigated three interconnection concepts, as shown in the one-line 
drawing B4.  Each concept included either one 750 MW generator connected to the 345 kV 
Wilson Substation or two 750 MW generators connected separately to the 345 kV Wilson 
Substation and to the 500 kV Paradise Substation. 

EXECUTIVE SUMMARY 

Power Flow Results 

The base case power flow model was developed by modifying the 2005 Summer reference power 
flow model provided by the North American Electric Reliability Council (NERC), with facility 
and dispatch changes provided by the participating utilities, to represent conditions expected to be 
in place on the bulk power transmission system for the summer of 2005.  The base case was 
analyzed under contingent conditions for a variety of base case and study case models to identify 
transmission facilities that are expected to become overloaded due to the introduction of the new 
generating station. 

A preliminary analysis of these three interconnection options included power flow and short 
circuit studies.  The results of these preliminary studies were jointly reviewed by CAI, Peabody 
Energy, and the participating utilities, and case 271 (Interconnection Option III) was selected as 
the preferred interconnection plan.  A summary of the preliminary power flow results is shown in 
Appendix A, Exhibits A21 through A30. Results of the short circuit studies are summarized in 
Appendix A, Exhibits A2 and A3. Case 271 interconnects both Thoroughbred generators 
separately, as indicated above, utilizes an existing 345 kV branch circuit between Wilson and 
Coleman to be looped into Elmer Smith Station (OMU) and also includes a new 161 kV branch 
circuit between Wilson and Paradise. These new connections are identified in Exhibit B4 by the 
bold and dashed lines.  This case will be referred to as the preferred interconnection plan for all 
further studies.  While the preferred interconnection plan could initially be slightly more 
expensive than the other alternatives, Peabody Energy desires the most robust and cost effective 
interconnection.

The interconnection of the second generator connected to the 500 kV Paradise Substation was 
studied by TVA independently.  TVA has forwarded its results to Peabody.  Therefore impacts on 
TVA's system have not been studied in detail. 
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The new facilities that will be required for interconnecting the Thoroughbred generators in the 
preferred plan include five transmission lines: one 500 kV line, three 345 kV lines and one 161 
kV line, these are shown in Appendix B, drawing B4.  In addition, LGEE conducted an 
independent study (using their in-house model, which includes the underlying 69 kV system) 
under varying system load levels and determined that an existing 345 kV transmission line 
between Brown and Pineville should be energized (terminal work at both Brown and Pineville 
will be required to complete this). 

Using the preliminary results of the power flow contingency analysis, the preferred plan was 
compared to the base case and 17 facilities in the BREC and LGEE systems were identified as 
being loaded to more than 100 percent of their emergency ratings.  After the review of the initial 
results, ratings were increased on 15 transmission lines and two transformers.  There will be costs 
associated with upgrading the 17 facilities in order to reach these limits.  The upgrades may 
include improving terminal facilities and re-conductoring or re-sagging the transmission lines to 
eliminate the overloading.  These 17 facilities are listed in the table at the end of the executive 
summary and in Appendix A, Exhibit A11; they are marked with an asterisk.  The seven other 
facilities listed in Exhibit A11 had ratings increased after reviewing the power flow case that 
modeled the preferred interconnection plan with the MISO IA generators. 

Fourteen of the Group 1 facilities (new overloads) shown in Exhibit A1 become overloaded due 
to either the addition of the MISO generators to the base case or the addition of the MISO 
generators to the preferred plan.  Twelve are facilities in the TVA system, which includes ten 
transmission lines and two transformers.  The other two facilities were one transformer in the 
Southern Indiana Gas and Electric (SIGE) system and one 161 kV transmission line in the 
Entergy Electric System (EES).  Of these 14 facilities, the overloading on one TVA 500 kV line 
and one EES 161 kV line was eliminated when the MISO generators were added to the preferred 
interconnection plan.  Overloaded facilities in the TVA system were not studied in greater detail 
since TVA conducted an independent study and has forwarded their results to Peabody Energy. 

Area losses in the bulk power transmission system increased due to the addition of the new 
generators at the Thoroughbred Energy Campus.  The increase in area losses for the preliminary 
studies when compared to the base case are shown in Exhibit A31. The area losses were reviewed 
by the participating utilities and were considered to be low; as a result the system losses should be 
evaluated using the more detailed 69 kV models that each utility has for its own system. The issue 
of system losses, and compensation for such, is usually addressed when the IPP makes a 
transmission service request with a particular utility.

Short Circuit Results 

A short circuit study was conducted by constructing a short circuit model representing the 
preferred interconnection plan and including additional data associated with short circuit studies.  
The short circuit model was prepared by combining data provided by the participating utilities 
into one common short circuit model.  The reference model used to develop the base case short 
circuit model was the 2005 Summer - 2000 Series, NERC/MMWG Base Case Library.  The same 
facility and dispatch changes used in the 2005 Summer base case power flow model were used in 
the base case short circuit model. 
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The short circuit study was performed by simulating faults on transmission facilities in the 
vicinity of the proposed new generator interconnection and determining the resulting fault current 
levels.  The short circuits applied to this model include both three phase and single line to ground 
faults.  A summary identifying the significant impacts of the fault current levels is shown in the 
chart in Exhibit A2. 

The results of these preliminary short circuit studies were reviewed by the participating utilities 
and it was determined that at least six breakers in the LGEE system are inadequate for the short 
circuit requirements; five 138 kV breakers and at least one 69 kV breaker.  Since the power flow 
model does not adequately model the underlying 69 kV system, additional studies will be 
completed as part of a facilities study. 

Light Load Power Flow Results 

All further studies focused on the preferred interconnection plan.  A light load study was 
conducted to determine what affect the Thoroughbred project would have under light load 
conditions.  The reference case for the light load model was the 2002 Light Load model provided 
by NERC.  The same facility changes used for the 2005 Summer base case model were used in 
the light load model but the dispatch of generators in the BREC system was slightly different.  
Under a light load condition the utilization of the transmission system is different than with a 
summer peak condition. The light load study model was constructed by modeling the same 
facilities necessary for interconnecting the Thoroughbred generators in the preferred plan.

A power flow contingency analysis was performed and a comparison between the light load base 
case and the preferred interconnection plan showed no impacts due to overloaded facilities.  There 
was, however, some concern that available transfer capability (ATC) may be constrained during 
periods of light load. 

MISO Power Flow Results 

The Midwest Independent System Operator (MISO) became involved in the project during April 
2002 and identified 15 Independent Power Producers (IPP) that have signed Interconnection 
Agreements (IA) in the MISO generator interconnection request queue.  The MISO recommended 
that these projects, located in MISO’s Region 11, as well as AEP projects, be included in the 
studies for the Thoroughbred project.  Without the inclusion of these projects the MISO was 
concerned that stability and short circuit reliability impacts on the AEP or MISO transmission 
systems would not be adequately addressed.  MISO provided the data used for modeling the 
generators.  The drawing in Appendix B, Exhibit B1 shows the probable location of the MISO 
generators. Exhibit B2 identifies the north and south group of generators modeled.  The chart in 
Exhibit A9 lists the generators included in the MISO power flow models. 

The 2005 Summer base case and preferred interconnection plan power flow models were 
modified to incorporate the 15 IPPs identified by the MISO.  In addition, one IPP located in 
AEP’s control area was also included.  The AEP generator went into service in June 2002 and 
was not represented in the previous power flow studies.
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Exhibit A1 compares four study models to the base case.  The facilities shown in the bolded 
boxes identify facilities that become overloaded for each study case.  The facilities shown in 
Group 1 are new overloads; the facilities shown in the box labeled A1 are new overloads due to 
the addition of the MISO generators to the base case.  The facilities shown in the box labeled A1 
& B1 are overloaded in both the MISO base case and the preferred interconnection plan with no 
MISO generators, and the five facilities shown in the box labeled B1 are new overloads due to the 
preferred interconnection plan with no MISO generators. The facilities contained in the box 
labeled C1 are new overloads due to the addition of just the south group of MISO generators to 
the preferred interconnection plan and the facilities in the box labeled D1 are due to the preferred 
interconnection plan, including the MISO generators.  Two of the overloaded facilities shown in 
the box labeled C1 and the three overloaded facilities shown in the box labeled D1 on Exhibit A1 
had ratings changed based on limits due to ground clearances and/or terminal limits.  Exhibit A11 
lists these facilities. They are shown without an asterisk, and also shown in the table at the end of 
the executive summary.  All of the new impacts identified for BREC and LGEE were resolved 
through rating changes on the impacted facilities.   

These MISO power flow studies identified four new Group 1 facilities due to the addition of the 
MISO generators to the base case and seven new Group 1 facilities due to addition of the MISO 
generators to the preferred interconnection plan, although five of these overloads were eliminated 
through facility upgrades.  The addition of the MISO generators to the preferred plan eliminated 
overloading on two facilities; one 500 kV line and one 161 kV line. 

Transient Stability Results 

Transient stability is a study conducted to investigate the dynamic response of generators due to a 
fault or some other type of system disturbance near a generator.  CAI identified the critical 
clearing time required for the protection system to clear the disturbance from the system.  Faults 
that are not cleared from the transmission system before the critical clearing time will cause the 
generator to become unstable and eventually tripped off line.  The charts in Exhibits A4 through 
A6 show the critical clearing times for several facilities near the Thoroughbred generators. 

The figures shown in Exhibit A16 show stable responses for several generators due to a 345 kV 
fault at Wilson, which was cleared before reaching the critical clearing time.  Exhibit A17 shows 
a stable response at the critical clearing time of 8 cycles and an unstable response with 9 cycle 
clearing, for the same 345 kV fault at Wilson. 

Transient stability of a transmission system is studied by simulating faults, including switching 
operations caused by the protection systems of varying durations on branch circuits near a 
generator and observing specific generator parameters to determine when instability will occur.  
Faults are normally cleared from the transmission system by the operation of protective 
equipment such as relays and breakers.   

The reference model used to develop the base case transient stability model was the 2003 Summer 
- 2001 Series, NERC/MMWG Base Case Library.  The same facility and dispatch changes used in 
the 2005 Summer base case power flow model were used in the transient stability base case 
model.  Transient stability models are constructed using generator dynamics parameters.  The data 
used for modeling these components is shown in Exhibits A12 through A15.  The generator 
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dynamics data is used together with the power flow program to arrive at a solution.  Three 
transient stability models were constructed; a base case, a base case with the MISO generators, 
and the preferred interconnection plan with the MISO generators.  The transient stability 
summary results are shown in Appendix D, Exhibits A4 through A6.  The results for the preferred 
interconnection plan with the MISO generators are shown in Exhibit A4.  Exhibits A5 and A6 are 
the results for base case with the MISO generators and the base case, respectively.  These exhibits 
list the critical clearing times for all of the cases run.  Only those facilities in close proximity to 
the Thoroughbred generators were studied.  No instabilities were identified for primary clearing. 

The participating utilities have reviewed the protection schemes for their transmission systems 
and have determined that the protection systems will operate to clear the faults before reaching 
the critical clearing time.  This will prevent the generator from going into instability.  Faults that 
are not cleared before this time will cause the generator to be tripped off line.  Clearing a fault 
before reaching the critical clearing time can be accomplished by fast acting relays and breaker 
combinations. 

Summary

The power flow analysis for the preferred interconnection of the Thoroughbred generators, 
including the MISO IA generators, will require six new transmission lines, upgrades or 
replacements on 22 transmission lines and two transformers in the BREC and LGEE systems. In 
addition there are 12 overloaded facilities in the TVA system, one overload in the SIGE system, 
and one overload in the EES system.  (These facilities are included for informational purposes 
only. Any upgrades ultimately required will result from a study prepared by TVA, MISO, or 
others.)  One of the new 345 kV transmission lines was identified by LGEE after making its own 
independent study with the preliminary preferred interconnection plan under varying system load 
levels.  The short circuit analysis identified six breakers that are inadequate for the fault current 
duty; five 138 kV breakers and one 69 kV breakers.  Additional 69 kV breaker replacements 
could be identified during the facilities study process.  The transient stability analysis identifies 
the critical clearing times required to avoid generator instability in close proximity to the 
Thoroughbred Energy Campus.  The fault clearing times were reviewed by the participating 
utilities and no instabilities were noted. 

New Facilities 

Location Distance 
Thoroughbred to Paradise Substation (TVA) 500 kV 8 miles 
Thoroughbred to Wilson Substation (BREC) 345 kV 10 miles 
Wilson (BREC) to Smith (OMU) 345 kV 9 added miles 
Coleman (BREC) to Smith (OMU) 345 kV 9 added miles 
Wilson (BREC) to Paradise (TVA) 161 kV 15 miles 
Brown to Pineville (LGEE) 345 kV  Terminal Facilities 
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Overloaded Facilities  

Branch Circuit Old Rating New Rating 
Normal Emergency Normal Emergency

Big Rivers Electric Corporation     
*Wilson to Coleman 345 kV 598 598 956 956 

     
LG&E Energy     
*Baker Lane to Brown N 138 kV 205 216 224 277 
*Earlington N to River Queen Tap 161 kV 184 184 209 257 
*Eastview to Stephensburg 69 kV 42 42 56 68 
*Elizabethtown to Tharp 69 kV 72 79 90 111 
*Green River Steel 138-69 kV Transformer 93 102 93 107 
*Green River Steel to OMU 69 kV 72 86 146 181 
*Green River to Ohio County 138 kV ckt 1 143 158 179 220 
*Green River to Ohio County 138 kV ckt 2 143 158 179 220 
*Green River to River Queen Tap 69 kV 55 55 89 110 
*Leitchfield 138-69 kV Transformer 72 79 93 107 
*Leitchfield to Shrewsbury 138 kV 82 82 179 220 
*Newtonville to Cloverport 138 kV 143 143 162 199 
*Ohio County to Shrewsbury 138 kV 165 165 179 220 
*Smith to Hardin County 345 kV 275 308 1195 1315 
*Adams to Tyrone 138 kV 97 97 179 220 

Arnold to Delvinta 161 kV 113 113 167 201 
Artemus to Farley 161 kV 142 142 209 257 
Artemus to Pineville 161 kV 129 129 176 201 
Delvinta to West Irvine Tap 161 kV 142 142 176 201 
Ghent to Owen County Tap 138 kV 227 227 227 280 
Green River Steel to Smith 138 kV 241 241 287 287 
Lake Reba Tap to West Irvine Tap 161 kV 165 165 167 223 

    
East Kentucky Power Cooperative     
*Stephensburg to Upton Junction 69 kV 19 19 45 54 

     

Breakers Inadequate for Short Circuit Requirements 

Substation Base kV Quantity 

LG&E Energy 
Green River Substation 69 kV 1 
Green River Substation 138 kV 1 
Green River Steel Substation 138 kV 4 

* Facilities with an asterisk were revised after the preliminary power flow studies 
Facilities without an asterisk were revised after the MISO power flow studies 
Overloaded facilities requiring upgrades in TVA, SIGE, and EES systems are not shown 
in this table 
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ASSUMPTIONS AND CRITERIA 

Power Flow Models 

The following planning criterion is used to evaluate the power system: 

Normal System Conditions (NS)  

- Loading on transmission lines and transformers should be less than 100 percent of 
their normal ratings 

- Bus voltages should be no less than 95 percent or greater than 105 percent of nominal 

Single Contingency Conditions 

- Loading on transmission lines and transformers should be less than 100 percent of 
their emergency ratings 

- Bus voltages should be no less than 90 percent or greater than 105 percent of nominal 

Single contingency conditions are defined as the outage of any single transmission facility.  The 
contingencies used to study the system include outages of all of the bulk power transmission lines 
and transformers (100 kV and above) in a wide neighborhood around the new generation site.  
This study included 376 single-contingencies that are depicted in the one-line of contingencies, 
Appendix B, Drawing B5.  Two of the single-contingency outages involve multiple elements of 
three winding transformers located at Montgomery and Hopkinsville Stations in TVA.  The 11 
multiple contingencies include the simultaneous outage of a generating unit and a transmission 
facility.  A complete list of the contingencies can be found in Appendix A, Exhibit A7.  The 
monitored facilities include the contingent facilities plus all facilities within a four-bus ring 
around the contingency set. 

Short Circuit Models 

The criteria used in evaluating short circuit studies is that for a bolted fault (i.e., zero fault 
impedance), currents seen by the breakers must be less than the breaker rating.  The simulated 
short circuit could be either a three phase or a single line to ground fault. 

Transient Stability Models 

Criteria used in determining the transient stability of a transmission system demand that the 
generator not lose synchronism with the electrical system during a transmission line or 
transformer fault condition which causes the circuit element to be taken off line in order to clear 
the fault.  Transient stability of a transmission system is studied by simulating a fault of varying 
duration near a generator bus and observing particular generator parameters to determine the time 
at which instability will occur.  In these studies the disturbance simulated was a three phase to 
ground fault.  The time before which a disturbance must be cleared is referred to as the critical 
clearing time.  Faults are normally cleared from the transmission system by the operation of 
protective equipment such as relays and breakers. 
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The participating utilities have reviewed the protection schemes for their transmission systems 
and have determined that their systems can operate to clear the fault before reaching the critical 
clearing time.  This will prevent the generator from unstable operation and tripping off line. 

STUDY METHODOLOGY 

The power flow study was conducted using CAI's TRANSMISSION 2000® Power Flow 
(PFLOW) program and its associated Contingency Processor (CP).   CP is an automated tool that 
controls the power flow contingency calculation and summarizes the results.  Summary reports 
for each case are contained in the detailed power flow results found in Volumes I, II, and III, as 
provided to each of the participating utilities.  These include the following reports: 

Overload Summary Report – all overloaded facilities and the number of times overloaded 
Normal System Overload Summary Report 
Undervoltage Summary Report 
Overvoltage Summary Report 
Contingency Summary Report – each contingency and all overloads it causes 
Contingency List 
Various other summary reports 

Detailed reports of the results from the most recent studies involving Interconnection Option III, 
the preferred interconnection plan, are contained in Volume I, Appendices E through J.  
Preliminary base case studies and studies involving Interconnection I are contained in Volume II, 
Appendices E through M.   Preliminary results from studies involving Interconnections IIA and 
III are contained in Volume III, Appendices N through Y. 

In addition to the summary reports, CAI also prepared a comparison analysis of impacted 
facilities.  Exhibit A1 shows comparisons between the base case, the preferred interconnection 
plan without MISO, and three study cases: 

Case C271s05 is the preferred interconnection plan, which includes facility rating changes 
and includes no MISO or AEP IA generators 
Case BS05sMF is the MISO base case with all MISO and AEP IA generators 
Case C271s05MS is the preferred interconnection plan including only the south group of 
MISO generators, see drawing B2 
Case C271s05MF is the preferred interconnection plan with all MISO and AEP IA 
generators

The comparisons against the base case were conducted for the above series of cases, and included 
the base case with the MISO generators and the preferred interconnection plan with and without 
the MISO generators.  The two corresponding study models, representing the loss of a generator 
in the LGEE system were not modeled for these MISO power flow studies because facilities that 
were overloaded in these corresponding study cases were the same facilities that were overloaded 
in the preferred interconnection plan when compared to the base case. 
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To provide an efficient means for evaluating comparable cases, overloaded facilities are grouped 
in these exhibits in order of worst overloads at the top of Group 1, to less significant overloads at 
the bottom of Group 2.  These groups are described as follows: 

Group 1  -   New Overloads (new generation caused an overload) 
Group 1 facilities are those that are overloaded in one or more of the study cases but 
were not overloaded in the base case.  The overloads on these facilities are attributed 
to the additions made in the study cases (i.e., one or two 750 MW generators at the 
Thoroughbred Energy Campus).  We will look closely at these overloaded facilities 
(i.e., further study) to determine causes and mitigation in Phase 2 of this study. 

Group 2  -    Pre-existing with increased overloading caused by the new generation 
Group 2 facilities are those that are overloaded in the base case and the study cases 
but showed an increased overloading in the study cases.  Depending upon the 
magnitude of the change and the number of contingencies that cause these facilities 
to overload, these facilities may or may not require mitigation. 

Preliminary Power Flow Study 

The reference case used to develop the base case model was the 2000 Series, NERC/MMWG 
Base Case Library - 2005 Summer.  The base case model (BC05s01) incorporates the dispatch 
and facility changes submitted by the participating parties, shown in Appendix C, Exhibits C1 
through C14.  The impedance of the various new transmission lines used to interconnect the 
Thoroughbred generators were calculated based on data from EPRI’s “Transmission Line 
Reference Book 345 kV and Above” (Red Book), dated 1975. 

Two additional base case models were developed to represent the loss of two different generating 
units in two different locations in the LGEE system.  Base case model BC05s11 represents the 
loss of Brown N Unit # 3 generator (441 MW), and BC05s21 represents the loss of Green River 
Unit # 4 generator (104 MW).  In this series of base case models, generation is dispatched 
(bought) equally from three utilities in the north only; American Electric Power (AEP), 
AMEREN, and CINergy (CIN).  Analysis of these study models was only performed for the 
preliminary cases represented in interconnection options I, IIA, and III. See Appendix B, Exhibit 
B4.

Listed below are the assumed distances between the Thoroughbred Energy Campus and the 
interconnection points. 

Interconnection Point Line Length
Wilson Substation (BREC) 345 kV 10 miles 
Paradise Substation (TVA) 500 kV   8 miles 

In these study cases, the first Thoroughbred Energy Campus generating unit is connected into the 
345 kV Wilson Substation (BREC) using a double circuit transmission line. The second generator 
is connected into the 500 kV Paradise Substation (TVA) using a 500 kV transmission line (a three 
conductor bundle).  Both generators are connected into the bulk power transmission system via 
generator step-up transformers (GSU). 
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For these preliminary studies, a set of nine power flow models was created; three base case 
models and six study case models. The Thoroughbred Energy Campus generators were 
individually connected into BREC and also into TVA.  The cases are titled as follows: 

Base Case Models – Without Thoroughbred Energy Campus Generators 

Case BC05s01 – Base Case with facility upgrades - 2005 Summer 
Case BC05s11 – Same as Case BC05s01 with the loss of Brown N Unit # 3 - 441 MW 
Case BC05s21 – Same as Case BC05s01 with the loss of Green River Unit # 4 - 104 MW 

Interconnection I – Original Scope 

1-750 MW Plant – Cases 101, 111, and 121
Case 101 – Interconnected at 345 kV to Wilson Substation (BREC) 
Case 111 – Same as Case 101 with the loss of Brown N Unit # 3 - 441 MW 
Case 121 – Same as Case 101 with the loss of Green River Unit # 4 - 104 MW 

2-750 MW Plants – Cases 201, 211, and 221
Case 201 – Same as Case 101 with a second 750 MW generator individually connected at 

500 kV to Paradise Substation (TVA) 
Case 211 – Same as Case 201 with the loss of Brown N Unit # 3 - 441 MW 
Case 221 – Same as Case 201 with the loss of Green River Unit # 4 - 104 MW 

Based on the results of the above series of cases, 101 and 201, two alternative interconnections of 
the Thoroughbred Energy Campus were proposed (not in the original scope for this project).  See 
Appendix B, Drawing B4 for Interconnections IIA and III. 

Interconnection IIA interconnects one 750 MW generator into the 161 kV transmission 
system at three sites: Wilson Substation (BREC), Green River Substation (LGEE), and 
Paradise Substation (TVA) 
Interconnection III is a variation of Interconnection I.  The Thoroughbred Energy Campus 
generator is connected at 345 kV to Wilson and the existing 345 kV line between Wilson 
and Coleman is looped into OMU's Elmer Smith Station.  A new 161 kV branch circuit is 
added between Wilson and Paradise 

For the 200 series of cases, the second 750 MW generator is always interconnected to the 500 kV 
Paradise Substation.  Twelve preliminary study models were developed and are described below: 

Interconnection IIA – Three Interconnections at 161 kV 

1-750 MW Plant – Cases 141, 151, and 161
Case 141 – Modify Case 101 by removing the 345 kV connection between Wilson and the 

Thoroughbred Energy Campus and connecting the 750 MW generator into the 
161 kV transmission system at three sites; Wilson Substation (BREC), Green 
River Substation (LGEE), and Paradise Substation (TVA) 



W:\Thoroughbred\Permitting\Siting_Permit\Transmission\BREC SIS\Report.doc 11 Commonwe

Case 151 – Same as Case 141 with the loss of Brown N Unit # 3 - 441 MW 
Case 161 – Same as Case 141 with the loss of Green River Unit # 4 - 104 MW 

2-750 MW Plants – Cases 241, 251, and 261
Case 241 – Modify Case 201 by removing the 345 kV connection between Wilson and the 

Thoroughbred Energy Campus and connecting the 750 MW generator into the 
161 kV transmission system at three sites; Wilson Substation (BREC), Green 
River Substation (LGEE), and Paradise Substation (TVA) 

Case 251 – Same as Case 241 with the loss of Brown N Unit # 3 - 441 MW 
Case 261 – Same as Case 241 with the loss of Green River Unit # 4 - 104 MW 

Interconnection III – Interconnection to Wilson at 345 kV with Three Additional Circuits  

1-750 MW Plant – Cases 171, 181, and 191
Case 171 – Modify Case 101 by looping the existing 345 kV Wilson to Coleman line into 

Elmer Smith Station (OMU), plus add a new 161 kV branch circuit between 
Wilson and Paradise 

Case 181 – Same as Case 171 with the loss of Brown N Unit # 3 - 441 MW 
Case 191 – Same as Case 171 with the loss of Green River Unit # 4 - 104 MW 

2-750 MW Plants - Cases 271, 281, and 291
Case 271 – Modify Case 201 by looping the existing 345 kV Wilson to Coleman line into 

Elmer Smith Station (OMU), plus add a new 161 kV branch circuit between 
Wilson and Paradise 

Case 281 – Same as Case 271 with the loss of Brown N Unit # 3 - 441 MW 
Case 291 – Same as Case 271 with the loss of Green River Unit # 4 - 104 MW 

In each of the 18 preliminary study cases and the two light load models, the new generator output 
is dispatched (sold) equally to six utilities; three in the north (AEP, AMEREN and CIN), and 
three in the south (Duke Power [DUK], Southern Company [SOCO] and Florida Power & Light 
[FPL]). 

All of the detailed results from these preliminary power flow study cases can be found in 
Volumes II and III.  Volume II, Appendices E through M, contains the detailed results for the 
preliminary power flow cases identified in the original scope, Interconnection Option I.  Volume 
III, Appendices N through Y, contains the detailed power flow results for Interconnection Options 
IIA and III.  Volumes II and III have only been supplied to the participating utilities. 

The interconnection of the second generator at the 500 kV Paradise Substation was studied by 
TVA independently and TVA has already forwarded its results to Peabody.  Therefore impacts on 
the TVA system have not been studied in as great detail. 

Appendix C in the report contains the details of the modifications for the reference model as 
provided by the participating utilities, and is contained in Exhibits C1 through C14. The reference 
model used for the power flow studies was the 2000 Series, NERC/MMWG Base Case Library 
Model - 2005 Summer. 
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After these preliminary studies were performed the preferred interconnection option selected for 
all further studies was case 271.  This preferred interconnection plan includes one Thoroughbred 
generator connected to the 345 kV Wilson Substation and the second to the 500 kV Paradise 
Substation. It also includes an additional circuit that takes the existing 345 kV Wilson to Coleman 
line and loops it into the Elmer Smith Station (OMU).  It also incorporates a new 161 kV line 
between Wilson and Paradise Substations (see Appendix B, Drawing B4). 

Volume I contains the results of the most recent studies conducted for the Thoroughbred Energy 
Campus.  The power flow results contained in this volume are for the base case with the MISO 
generators, the preferred interconnection plan with and without the MISO generators and the light 
load study cases. Volume I has been supplied only to the participating utilities. 

Based on the preliminary results of the power flow studies that include the MISO and AEP IA 
generators, the participating utilities identified rating changes on several facilities located in the 
BREC and LGEE systems.  The ratings were changed based on limits due to ground clearances 
and/or terminal limits (see Exhibit A11).  The changes in the facility ratings were reflected in the 
case comparison summary charts shown in Exhibit A1, but the detailed power flow results 
contained in Volumes II and III were not rerun and do not reflect these facility changes as related 
to the addition of the MISO generators. 

Detailed power flow results of the cases that incorporated the MISO IA generators are included in 
Volume I, Appendices E through J.  Volume I has been provided only to the participating utilities. 

A normal system and first contingency analysis was performed using CAI’s TRANSMISSION 
2000® Contingency Processor (CP).  The contingency list is generated automatically, but multiple 
contingencies, provided by the participating utilities, were added manually.  

There were a total of 376 contingencies of which 365 are single element contingencies and 11 are 
multiple element contingencies. The contingency set is listed in Appendix A7 and includes 291 
buses. The contingencies (outages) were evaluated for the three base cases and 18 preliminary 
study cases. Nine of the multiple element outages include both a generator outage and 
transmission facility outage; these contingencies are not included in the analysis for the models 
that include a generator outage (i.e., Brown N Unit # 3 or Green River Unit # 4) since these 
models already include a generator outage.

The monitored region includes 2859 buses and covers 29 utility areas.  The Area and Zone report, 
shown in Appendix A, Exhibit A8, shows the number of contingent and monitored buses included 
in this study.  When the 15 Region 11 MISO and AEP IA generators were included in the power 
flow model, the monitored region contained 2865 buses. 

Area losses in the bulk power transmission system increased due to the addition of the new 
generators at the Thoroughbred Energy Campus.  The increase in area losses for the preliminary 
studies when compared to the base case are shown in Exhibit A31.  The area losses were 
reviewed by the participating utilities and were considered to be low; as a result, the system losses 
should be evaluated using the more detailed 69 kV models that each utility has for its own system.  
The issue of system losses is addressed when the IPP makes a transmission service request with a 
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particular utility.  The affected utilities will determine the expected increase in losses and will 
factor those costs into the transmission service request. 

Short Circuit Study 

The short circuit study was conducted using the TRANSMISSION 2000® Short Circuit (SC) 
program. The reference model used for this study was the 2005 Summer - 2000 Series, 
NERC/MMWG Base Case Library.  The short circuit models were prepared using data received 
from the participating utility companies.  Since this study covers several regions, it was necessary 
to combine the short circuit data into one common model.  Each utility provided its own short 
circuit models for this study. The additional data needed for short circuit studies was incorporated 
from the power flow model used in the preliminary studies.  Since the data came from three 
different sources it was decided to convert the bus numbers and names to conform to those in the 
existing power flow model. 

Summaries of the short circuit results for these preliminary cases are contained in Appendix A, 
Exhibit A2 and A3.  These charts list all facilities whose fault current levels increased by between 
0 and 10 percent, when compared to the base case. The utilities reviewed the results and identified 
breakers that were insufficient for the fault current levels. One 69 kV breaker and five 138 kV 
breakers were identified as exceeding their ratings. These breakers will probably need to be 
upgraded or replaced.  In addition, since the power flow model does not adequately represent the 
underlying 69 kV, additional breakers could require replacement. 

Light Load Power Flow Study  

A light load study model was conducted to determine what affect the Thoroughbred project would 
have under light load conditions.  The reference model used to develop the base case light load 
model was the 2001 Series, NERC/MMWG Base Case Library, 2002 Light Load Case, Trial #7.  
The same facility changes provided by the utilities for the 2005 Summer Base Case model were 
used to create the light load base case model (case BC02LL).  Per instructions from the utilities, 
the generation dispatch used in this model is slightly different than that used in the 2005 Summer 
studies.

Since case C271s05 was selected as the preferred interconnection plan, this was the only study 
case modeled for the light load condition (case C271LL02). The interconnection and generation 
dispatch for the Thoroughbred Energy Campus for the light load study model is identical to case 
C271s05.  Light load study models corresponding to the loss of a generating unit in the LGEE 
system were not studied. 

A contingency analysis was conducted using CAI’s TRANSMISSION 2000® Contingency 
Processor (CP).  The contingencies (outages) involved 359 contingencies, including eight 
multiple contingencies and 290 buses.  Contingencies for the light load models were evaluated for 
the base case and study case only.  The monitored region included 2743 buses, covering 27 utility 
areas.  The Area and Zone report shown in Exhibit A8 lists the number of contingent and 
monitored buses used in this study for each of the 27 utilities and also shows zone data, which 
utilities use to define groups of circuits internal to their own system. Detailed power flow results 
and case comparisons are contained in Volume I, Appendices F and G. 
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The result of the comparison between the light load base case and the study case showed no 
impacts due to overloaded facilities.  There was, however, some concern that available transfer 
capability (ATC) may be constrained during periods of light load.  Using their in-house power 
flow model (including their underlying 69 kV system), LGEE conducted its own independent 
study based on the preliminary preferred interconnection plan. They reported the following 
findings; “We have conducted a power flow analysis on Case 271 at varying LG&E Energy 
system load levels and have found that for load levels in the range of 70%-95% of system peak, 
we expect the maximum allowable generation at Brown to decrease by 50 to 150 MW due to the 
Thoroughbred generators.  The limit is the flow on the Brown Plant to Fawkes 138 kV line due to 
an outage of the Brown-Alcalde-Pineville 345 kV line.  Also, because this flow is dependent on 
the level of generation at East Kentucky Power Cooperative’s (EKPC) JK Smith plant, the 
magnitude of the impact could be more severe if EKPC buys off-system rather than dispatching 
these units.” 

LGEE made a recommendation for correcting this limitation on the Brown plant generation level. 
“The limitations at Brown due to Thoroughbred can be eliminated by energizing the Brown to 
Pineville 345 kV line. This line is currently in place, but requires terminal facilities at both Brown 
and Pineville in order to allow energization.  Energization of this line would return the maximum 
allowable generation at Brown to at least the level we expect if Thoroughbred is not constructed.  
This would be a requirement if Option III is adopted.”  This one 345 kV new transmission facility 
will be required for the preferred interconnection of the Thoroughbred generators. 

MISO Power Flow Study

The MISO became involved in the project during April 2002 and identified 15 Independent 
Power Producers (IPP) that have signed Interconnection Agreements (IA) in their generator 
interconnection request queue.  The MISO recommended that these projects (located in MISO’s 
Region 11), as well as AEP projects, be included in the studies for the Thoroughbred project.  
Without the inclusion of these projects the MISO was concerned that stability and short circuit 
reliability impacts on the AEP or MISO transmission systems would not be adequately addressed.   

Since study case C271s05 was selected as the preferred interconnection plan, all further power 
flow studies were modeled with the Thoroughbred Energy Campus connected as shown in 
Drawing B4, for case C271s05.  Case C271s05 represents Interconnection Option III and includes 
two 750 MW Thoroughbred generators, one connected to 500 kV at the Paradise Substation 
(TVA), and the other to 345 kV at the Wilson Substation (BREC), with the existing 345 kV 
circuit between Wilson and Coleman looped into OMU's Elmer Smith Station.  This model also 
includes an additional new 161 kV branch circuit between Wilson and Paradise Substations. 

MISO provided the data used in modeling the IA generators.  The chart in Exhibit A9 lists the 15 
MISO Region 11 and AEP generators used in the MISO power flow models.  It also includes 
information about the generator control area, location, generator bus number, MISO queue 
number and queue date, high side bus number and base voltage, and the interconnection status.  
The 15 IPPs identified by the MISO are expected to be on-line and producing power prior to the 
completion of the Thoroughbred Energy Campus project. 
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Drawing B1 shows the probable relative location of the 15 MISO generators on the bulk power 
transmission system. Each generator is identified with a circle and labeled with the generator 
numbers provided by MISO. Within the circle is the generation dispatch used in these models, 
including the MISO generators and the interconnection status of the generator. 

The two corresponding study models, representing a loss of a generator in the LGEE system, were 
not modeled for these power flow studies that include the MISO generators because facilities that 
were overloaded in these corresponding study cases were the same facilities that were overloaded 
in the preferred interconnection plan when compared to the base case. 

The 15 IPPs identified by MISO were incorporated into both the 2005 Summer Base Case model 
and the preferred interconnection models. One IPP located in AEP’s control area was also 
included.  The AEP generator went into service in June 2002, and was not represented in the 
previous power flow studies.  Three study models were created and include the addition of the 
MISO IA generators.  In these power flow models, the generation is dispatched (sold) equally to 
six utilities; the three utilities in the south were the same ones used in the previous studies, but 
dispatch to utilities in the north changed to PJM, Consumers Energy (Cons), and Northern Indiana 
(NI).  Generation dispatch to the north was changed because several of the IPP generators are 
located in the CINergy control area.  The dispatch to the north in the preliminary power flow 
models was to CINergy, AMEREN, and AEP. 

These two MISO power flow models, the base case (BS05sMF) and the preferred interconnection 
plan (case C271s05MF), incorporate the same generation dispatch and facility changes provided 
by the participating utilities for the 2005 Summer Base Case.  The data used for modeling the 
MISO generators was provided by MISO.  The data used for modeling the AEP generator was 
provided by C. Bradley of BREC.  This AEP generator was not included in the MISO model or 
previously modeled in the study cases.  This AEP generator is request number 21 in the AEP 
generator interconnection request queue. 

The MISO generators were connected into the power flow model as shown in thumbnail Drawing 
B3.  The net change in generation dispatch is shown in Exhibit A10 and is also depicted in 
Drawing B1.  Since the generators in closer proximity to the Thoroughbred Energy Campus have 
more potential to influence the power flow than those in the north group, the 15 MISO generators 
were lumped into two groups, shown in Drawing B2, identifying the north and south groups of 
MISO generators.  The south group of MISO generators includes 11 generators.  The north group 
includes four MISO generators and the one AEP generator. 

The preferred interconnection plan with the MISO generators was constructed by modifying case 
271 to include all the MISO generators listed in Exhibit A9.  This MISO power flow model was 
built in three steps; first, all generators were added to the model with their generation level set to 
zero output.  Second, the 11 generators in the MISO south group (case 271s05MS) were placed 
on-line with the net change in generation dispatch as indicated in the circle in Drawing B1 (it is 
also listed in the chart in Exhibit A10).  In the final step, generators identified in the MISO north 
group were added in the same manner so that all of the IPP generators with signed 
interconnection agreements identified by MISO and the AEP generator are in the final MISO 
power flow model (case 271s05MF).  The base case model with the MISO generators was 
prepared in the same way (case BS05sMF). 
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A contingency analysis was conducted on these MISO power flow models using CP.  The 
contingency set includes a total of 375 contingencies, with 11 being multiple contingencies and 
involving 291 buses.  The contingencies were evaluated for both the MISO base case (case 
BS05sMF) and the preferred interconnection plan with all the MISO generators (case 
C271s05MF).  The monitored region contained 2865 buses covering 29 utility areas.  The Area 
and Zone report shown in Exhibit A8 lists the number of contingent and monitored buses for each 
utility area and also shows zone data, which utilities use to define groups of circuits internal to 
their own systems.   

Preliminary results of the MISO power flow study were presented to the participating utilities and 
resulted in rating changes on seven additional facilities in the LGEE system.  The ratings were 
changed based on limits due to ground clearances and/or terminal limits shown in Exhibit A11 
with no asterisk.  The revised ratings reduced the number of new overloads (Group 1 facilities) 
and the loading on the circuits shown in Exhibit A1 reflects the rating increases.  This exhibit 
identifies all new overloads resulting from the addition of the 15 MISO generators to both the 
base case (BS05sMF) and the preferred interconnection plan (case C271s05MF).  This exhibit 
compares four study cases, with and without the MISO generators, to the 2005 Summer Base 
Case.

A comparison of the MISO base case model to the 2005 Summer Base Case identified nine new 
overloads (Group 1 facilities) and five pre-existing overloads that were made worse (Group 2 
facilities).  These nine Group 1 facilities are shown in the box labeled A1. The five Group 2 
facilities are shown in the box labeled A2. 

A comparison of the preferred interconnection plan with no MISO generators to the 2005 
Summer Base Case also identified nine new overloads (Group 1 facilities) and five pre-existing 
overloads that were made worse (Group 2 facilities). Four of the nine Group 1 facilities are 
already overloaded in the MISO Base Case and are shown in the boxes labeled A1 and B1.  The 
other five Group 1 facilities are new overloads resulting from the preferred interconnection plan 
with no MISO generators and are in the box labeled B1.  Three of the five Group 2 facilities are 
already overloaded in the MISO Base Case but two new facilities overload due to the preferred 
interconnection plan with no MISO generators and are shown in the box labeled B2. 

A comparison of the preferred interconnection plan with only the south group of MISO generators 
to the 2005 Summer Base Case identified two new overloads (Group 1 facilities) and no new pre-
existing overloads that were made worse (Group 2 facilities).  These facilities are shown in the 
box labeled C1. Two of the four facilities were overloaded before the ratings were changed to 
reflect maximum ground clearances or improved terminal facilities. The facilities are shown in 
Exhibit A11. Facilities in Exhibit A1 that have had their ratings changed, after including the 
MISO generators, are indicated by an asterisk. 

A comparison of the preferred interconnection plan with all the MISO generators to the 2005 
Summer Base Case, identified 12 new overloads (Group 1 facilities) and six pre-existing 
overloads that were made worse (Group 2 facilities).  Seven of the 12 new overloads and five of 
the six pre-existing overloads are also identified as being overloaded in the MISO Base Case.  
The facilities in the box labeled D1 were overloaded, but after the ratings were changed they were 
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no longer overloaded.  The five new Group 1 overloaded circuits are shown in the two sections of 
facilities shown above the box labeled D1 in Exhibit A1.  Three Group 1 facilities outlined in 
grey boxes indicates that loading was reduced due to the addition of the Thoroughbred project to 
the base case, with the MISO generators and the Group 1 facilities shown with a cross-hatched 
background indicates reduced loading due to the addition of the MISO generators to the preferred 
plan.

A light load power flow model representing the preferred interconnection plan with the MISO and 
AEP IA generators was not studied.  It is expected that most, if not all, of the new generators 
would not be base load units and therefore would not be operating under light load conditions. 

Transient Stability Power Flow Study 

The transient stability study was conducted using CAI’s TRANSMISSION 2000® Transient 
Stability (TS) program.  The reference model used for developing the transient stability power 
flow model was the 2001 Series, NERC/MMWG Base Case Library, 2003 Summer Case, Trial #9 
(PLI).  The generation dispatch and facility changes already provided for the 2005 Summer Base 
Case model were used to develop the transient stability base case model (case TS03s1aT1).  
Transient stability is a study conducted to investigate the dynamic performance of generators 
under fault conditions, and to determine the time at which a generator will go into instability due 
to the disturbance. 

Critical clearing time is the time before which a disturbance must be cleared by the protection 
system in order to maintain stable operation.  Faults that are not cleared from the system before 
this time will cause the generator to become unstable and to be tripped off line.  Transient 
stability of a transmission system is studied by simulating faults of varying durations on 
transmission facilities located near a generator and observing specific generator parameters to 
determine when instability will occur.  Faults are normally cleared from the transmission system 
by the operation of protective equipment such as relays and breakers.  In these studies the 
disturbance simulated is a three-phase fault. 

Three transient stability models were constructed; a base case, a base case with the MISO 
generators, and the preferred interconnection plan with the MISO generators.  Since generator 
dynamics data for the MISO generators was not available, sample data was used to represent the 
power system components, including a model for a classical round rotor synchronous machine, an 
exciter model, and a governor model.  The data used for modeling these components is shown in 
Exhibits A12 through A15.  The generator dynamics data is used along with the power flow 
model to form a complete dynamics model.  The transient stability model also requires each 
generator to be connected by a generator step-up transformer (GSU).  If a generator was already 
modeled with a GSU the existing data was used.  Otherwise impedance values for the GSU were 
calculated based on the generator maximum active power and maximum reactive power values. 

The transient stability base case model was modified to include the 15 MISO generators.  This 
model was built in three steps; all the generators were modeled with zero output, next the south 
group of MISO generators were placed online with the net change in generation dispatch as 
indicated in the circle shown in the drawing in Exhibit B1 (also listed in the chart in Exhibit A10), 
and finally the north group of MISO generators were placed online and dispatched in the same 
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fashion (case TS03s1aMF).  This represents the MISO Final Transient Stability model for 2003 
Summer.  The generation was dispatched to the six utilities as previously indicated for the MISO 
power flow models, then the MISO base case model was modified to include the facilities needed 
for the preferred interconnection of both 750 MW Thoroughbred generators as shown in Exhibit 
B4 (case TS03s1aMFth).  The generation from the Thoroughbred units was dispatched (sold) to 
the same six utilities used in the preliminary power flow studies. 

The results of the transient stability study are summarized in the tables shown in Appendix A, 
Exhibits A4, A5, and A6.  The results for the preferred interconnection plan with the MISO 
generators are shown in Exhibit A4. Exhibits A5 and A6 are the results for the MISO base case 
model and the base case model, respectively.  These exhibits list the critical clearing times for the 
facilities in close proximity to the Thoroughbred generators.  The graphs in Appendix D, Exhibits 
D11 through D260 show the dynamic response of the generators for a three-phase fault applied to 
a transmission facility.  The graphs show the change in machine angle and speed resulting from 
the disturbance for the generator near the fault.  For each fault studied the graph identifies the 
critical clearing time at which generators will go into instability. 

The participating utilities reviewed the protection schemes in their transmission systems and 
determined that it will operate within these parameters to prevent the generators from going into 
an unstable condition.  This is accomplished by fast-acting relay and breaker combinations. 
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Thoroughbred Energy Campus
Case 271MF - 2005 Summer

All MISO Gens Add Brown N to Pineville  
11/1/2002

TRANSMISSION 2000 Contingency Processor Exhibit A7List of Contingencies

ContingencyNo. Ckt Base kV Area Zone
outage of 18401 8SHAWNEE to 18001 7SHAWNEE     27 1 500-345 147 166

outage of 18401 8SHAWNEE to 18402 5SHAWNE2     30 1 500-161 147 166

outage of 18401 8SHAWNEE to 18406 8MARSHAL     32 1 500 147 166

outage of 18406 8MARSHAL to 18007 5MARSHAL     40 1 500-161 147 166

outage of 18406 8MARSHAL to 18425 8CUMBERL     42 1 500 147 166

outage of 18422 8JVILLE  to 18425 8CUMBERL     45 1 500 147 166

outage of 18422 8JVILLE  to 18430 8DAVIDSO     47 1 500 147 166

outage of 18425 8CUMBERL to 18430 8DAVIDSO     57 1 500 147 166

outage of 8PARADIS to 8MONTGOM (& Redispatch)     62 500 147 166

outage of 18428 8MONTGOM to 18430 8DAVIDSO     65 1 500 147 166

outage of 18428 8MONTGOM to 18449 8WILSON     67 1 500 147 166

outage of 18428 8MONTGOM to 19415 0MONT MP     70 1 500-1 147 166

outage of 18430 8DAVIDSO to 18431 5DAVIDSO     72 1 500-161 147 166

outage of 18430 8DAVIDSO to 18432 8MAURY     75 1 500 147 166

outage of 18430 8DAVIDSO to 18579 8PIN HOO     77 1 500 147 166

outage of 18430 8DAVIDSO to 18698 5DAVSN 2     80 1 500-161 147 166

outage of 18432 8MAURY   to 18433 5MAURY     82 1 500-161 147 166

outage of 18449 8WILSON  to 18450 5WILSNTN    110 1 500-161 147 166

outage of 18449 8WILSON  to 18579 8PIN HOO    112 1 500 147 166

outage of 18579 8PIN HOO to 18724 5PIN HOO    115 1 500-161 147 166

outage of 18007 5MARSHAL to 18020 5CALVERT    132 1 161 147 166

outage of 18007 5MARSHAL to 18493 5PADUCAH    135 1 161 147 166

outage of 18007 5MARSHAL to 18495 5BENTON    137 1 161 147 166

outage of 18007 5MARSHAL to 18497 5MAYFIEL    140 1 161 147 166

outage of 18007 5MARSHAL to 19055 5N STAR    142 1 161 147 166

outage of 18012 5PARADIS to 18686 5HOPKINV    155 1 161 147 166

outage of 18012 5PARADIS to 18686 5HOPKINV    157 2 161 147 166

outage of 18012 5PARADIS to 18691 5BOWL GR    160 1 161 147 166

outage of 18012 5PARADIS to 18866 5CROSSPN    162 1 161 147 166

outage of 18012 5PARADIS to 18880 5RUSS.SS    165 1 161 147 166

outage of 18012 5PARADIS to 18926 5ABERD T    167 1 161 147 166

outage of 18012 5PARADIS to 19472 5ELKTNTP    170 1 161 147 166

outage of 18020 5CALVERT to 18195 1ARPR&CH    172 1 161-13 147 166

outage of 18020 5CALVERT to 18494 5S CALVE    175 1 161 147 166

outage of 18020 5CALVERT to 19449 5ENERGY    177 1 161 147 166

outage of 18021 5KY HY   to 18026 5BARKLEY    180 1 161 147 166

outage of 18021 5KY HY   to 18026 5BARKLEY    182 2 161 147 166

outage of 18021 5KY HY   to 18494 5S CALVE    185 1 161 147 166

outage of 18026 5BARKLEY to 18526 5DOVER    195 1 161 147 166

outage of 18026 5BARKLEY to 18953 5PRINC T    197 1 161 147 166

outage of 18027 5SUMMER  to 18713 5LAFAYET    205 1 161 147 166
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ContingencyNo. Ckt Base kV Area Zone
outage of 18027 5SUMMER  to 19006 5GLASG T    207 1 161 147 166

outage of 18686 5HOPKINV to 18794 5LEWISBG    317 1 161 147 166

outage of 18686 5HOPKINV to 19190 5SUPGRTP    320 1 161 147 166

outage of 18686 5HOPKINV to 19213 5CADIZT    322 1 161 147 166

outage of 18686 5HOPKINV to 19411 0HOPK MP    325 1 161-1 147 166

outage of 18690 5RUSV KY to 19515 5NRUSLVL    330 1 161 147 166

outage of 18691 5BOWL GR to 18692 5E BOWL    332 1 161 147 166

outage of 18691 5BOWL GR to 18880 5RUSS.SS    335 1 161 147 166

outage of 18691 5BOWL GR to 18928 5SBOWL T    337 1 161 147 166

outage of 18692 5E BOWL  to 18697 5SCOTTSV    340 1 161 147 166

outage of 18692 5E BOWL  to 18926 5ABERD T    342 1 161 147 166

outage of 18692 5E BOWL  to 19007 5BRSTO T    345 1 161 147 166

outage of 18716 5LOGAN A to 18880 5RUSS.SS    395 1 161 147 166

outage of 18794 5LEWISBG to 18880 5RUSS.SS    477 1 161 147 166

outage of 18880 5RUSS.SS to 19515 5NRUSLVL    480 1 161 147 166

outage of 18953 5PRINC T to 19213 5CADIZT    487 1 161 147 166

outage of 19055 5N STAR  to 19071 5PENWL T    495 1 161 147 166

outage of 19071 5PENWL T to 19449 5ENERGY    497 1 161 147 166

outage of 18020 5CALVERT to 18881 5E CALTP    585 1 161 147 166-165

outage of 18021 5KY HY   to 18881 5E CALTP    587 1 161 147 166-165

outage of 18449 8WILSON  to 18461 8ROANE    600 1 500 147 166-167

outage of 18020 5CALVERT to 27033 11LIV C    670 1 161 147-211 166-211

outage of 18021 5KY HY   to 27033 11LIV C    672 1 161 147-211 166-211

outage of 18007 5MARSHAL to 27618 14LIVIN5    680 1 161 147-214 166-214

outage of 18007 5MARSHAL to 27620 14MCRAK5    682 1 161 147-214 166-214

outage of 18012 5PARADIS to 27616 14N.HAR5    685 1 161 147-214 166-214

outage of 18026 5BARKLEY to 27618 14LIVIN5    687 1 161 147-214 166-214

outage of 18026 5BARKLEY to 27619 14HOPCO5    690 1 161 147-214 166-214

outage of 18001 7SHAWNEE to 30825 JOPPA TS    695 1 345 147-356 166-310

outage of 18001 7SHAWNEE to 32339 E WFT IP    697 1 345 147-357 166-357

outage of 22673 05SULLVA to 22653 05BREED    717 1 765-345 205 252

outage of 22673 05SULLVA to 22653 05BREED    720 2 765-345 205 252

outage of 25143 07MEROM5 to 25162 07WORTHN    760 1 345 207 207

outage of 25162 07WORTHN to 25044 07WORTH8    767 1 345-138 207 207

outage of 25034 07RATTS  to 25094 07TASWL1    772 1 161 207 207

outage of 25034 07RATTS  to 25146 07RATTS8    775 1 161-138 207 207

outage of 25093 07TAS_2  to 25094 07TASWL1    777 1 69-161 207 207

outage of 25094 07TASWL1 to 25180 07BEDFRD    780 1 161 207 207

outage of 25154 07WORTH  to 25044 07WORTH8    785 1 161-138 207 207

outage of 25143 07MEROM5 to 25948 08GIBSON    825 1 345 207-208 207-281

outage of 25181 07RAMSY5 to 25948 08GIBSON    832 1 345 207-208 207-281

outage of 25044 07WORTH8 to 26047 08BEDFRD    837 1 138 207-208 207-281

outage of 25094 07TASWL1 to 26857 10NEWTVL    847 1 161 207-210 207-210

outage of 25146 07RATTS8 to 27871 16PETE    850 1 138 207-216 207-216

outage of 25947 08BEDFRD to 25948 08GIBSON    875 1 345 208 281
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outage of 25947 08BEDFRD to 26047 08BEDFRD    877 1 345-138 208 281

outage of 25947 08BEDFRD to 26047 08BEDFRD    880 2 345-138 208 281

outage of 25947 08BEDFRD to 26161 08LOST R    882 1 345 208 281

outage of 25948 08GIBSON to 26081 08GIB    885 1 345-138 208 281

outage of 26047 08BEDFRD to 26048 08ROGRST    940 1 138 208 281

outage of 26047 08BEDFRD to 26075 08EDWRDS    950 1 138 208 281

outage of 26075 08EDWRDS to 26082 08VIN    972 1 138 208 281

outage of 26075 08EDWRDS to 26083 08PEATAP    975 1 138 208 281

outage of 26075 08EDWRDS to 26129 08HE GRN    977 1 138 208 281

outage of 26076 08VIN J  to 26077 08WASHMU    982 1 138 208 281

outage of 26076 08VIN J  to 26139 08MAIN J    985 1 138 208 281

outage of 26078 08OKLND  to 26079 08PRNCTN    987 1 138 208 281

outage of 26079 08PRNCTN to 26081 08GIB    990 1 138 208 281

outage of 26082 08VIN    to 26139 08MAIN J    992 1 138 208 281

outage of 26174 08EDSPRT to 26075 08EDWRDS   1005 1 69-138 208 281

outage of 26181 08OKLND  to 26078 08OKLND   1007 1 69-138 208 281

outage of 26078 08OKLND  to 26905 10TOYOTA   1025 1 138 208-210 281-210

outage of 25949 08SPEED  to 27005 11GHENT   1027 1 345 208-211 281-211

outage of 25950 08BATESV to 27005 11GHENT   1030 1 345 208-211 281-211

outage of 25947 08BEDFRD to 27824 16PETE   1040 1 345 208-216 281-216

outage of 25948 08GIBSON to 27824 16PETE   1042 1 345 208-216 281-216

outage of 26161 08LOST R to 27824 16PETE   1045 1 345 208-216 281-216

outage of 26076 08VIN J  to 27871 16PETE   1047 1 138 208-216 281-216

outage of 26078 08OKLND  to 27871 16PETE   1050 1 138 208-216 281-216

outage of 25948 08GIBSON to 30008 ALBION   1055 1 345 208-356 281-323

outage of 26082 08VIN    to 30931 LAWRNCVL   1057 1 138 208-356 281-323

outage of 26855 10NEWTVL to 26857 10NEWTVL   1060 1 138-161 210 210

outage of 26851 10CULLEY to 26866 10CASTLE   1062 1 138 210 210

outage of 26851 10CULLEY to 26873 10DUBOIS   1065 1 138 210 210

outage of 26851 10CULLEY to 26875 10ANGMND   1067 1 138 210 210

outage of 26851 10CULLEY to 26879 10GRNDVW   1070 1 138 210 210

outage of 26853 10HEIDEL to 26854 10NW   1082 1 138 210 210

outage of 26853 10HEIDEL to 26875 10ANGMND   1085 1 138 210 210

outage of 26854 10NW     to 26856 10NE   1087 1 138 210 210

outage of 26854 10NW     to 26858 10MTVERN   1090 1 138 210 210

outage of 26854 10NW     to 26861 10ABBRWN   1092 1 138 210 210

outage of 26855 10NEWTVL to 26879 10GRNDVW   1095 1 138 210 210

outage of 26856 10NE     to 26861 10ABBRWN   1097 1 138 210 210

outage of 26856 10NE     to 26866 10CASTLE   1100 1 138 210 210

outage of 26856 10NE     to 26877 10ELLIOT   1102 1 138 210 210

outage of 26858 10MTVERN to 26861 10ABBRWN   1105 1 138 210 210

outage of 26858 10MTVERN to 26888 10POINT   1107 1 138 210 210

outage of 26859 10MTVERN to 26858 10MTVERN   1110 1 69-138 210 210

outage of 26859 10MTVERN to 26858 10MTVERN   1112 2 69-138 210 210

outage of 26861 10ABBRWN to 26888 10POINT   1122 1 138 210 210
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outage of 26867 10CASTLE to 26866 10CASTLE   1127 1 69-138 210 210

outage of 26869 10CATO   to 26868 10CATO   1132 1 69-138 210 210

outage of 26871 10CULLEY to 26851 10CULLEY   1135 1 69-138 210 210

outage of 26873 10DUBOIS to 26904 10CATO_T   1137 1 138 210 210

outage of 26874 10DUBOIS to 26873 10DUBOIS   1140 1 69-138 210 210

outage of 26874 10DUBOIS to 26873 10DUBOIS   1142 2 69-138 210 210

outage of 26876 10ANGMND to 26875 10ANGMND   1145 1 69-138 210 210

outage of 26877 10ELLIOT to 26905 10TOYOTA   1147 1 138 210 210

outage of 26878 10ELLIOT to 26877 10ELLIOT   1150 1 69-138 210 210

outage of 26880 10GRNDVW to 26879 10GRNDVW   1152 1 69-138 210 210

outage of 26881 10HEIDEL to 26853 10HEIDEL   1155 1 69-138 210 210

outage of 26884 10NE     to 26856 10NE   1157 1 69-138 210 210

outage of 26884 10NE     to 26856 10NE   1160 2 69-138 210 210

outage of 26886 10NEWTVL to 26855 10NEWTVL   1162 1 69-138 210 210

outage of 26886 10NEWTVL to 26855 10NEWTVL   1165 2 69-138 210 210

outage of 26887 10NW     to 26854 10NW   1167 1 69-138 210 210

outage of 26887 10NW     to 26854 10NW   1170 2 69-138 210 210

outage of 26890 10POINT  to 26888 10POINT   1172 1 69-138 210 210

outage of 26890 10POINT  to 26888 10POINT   1175 2 69-138 210 210

outage of 26855 10NEWTVL to 27079 11CLVRPR   1207 1 138 210-211 210-211

outage of 26857 10NEWTVL to 27552 14COLE 5   1210 1 161 210-214 210-214

outage of 26861 10ABBRWN to 27617 14HENDR4   1212 1 138 210-214 210-214

outage of 26904 10CATO_T to 27871 16PETE   1215 1 138 210-216 210-216

outage of 27000 11PINEV  to 27001 11POCKET   1217 1 500 211 211

outage of 27000 11PINEV  to 27011 11PINEVI   1220 1 500-345 211 211

outage of 27002 11ALCALD to 27004 11BRWN N   1222 1 345 211 211

outage of 27002 11ALCALD to 27011 11PINEVI   1225 1 345 211 211

outage of 27002 11ALCALD to 27016 11ALCALD   1227 1 345-161 211 211

outage of 27004 11BRWN N to  11HARDN   1230 1 345 211 211

outage of 27004 11BRWN N to 27011 11PINEVI   1232 1 345 211 211

outage of 27004 11BRWN N to 27015 11W LEXN   1235 1 345 211 211

outage of 27004 11BRWN N to 27064 11BRWN N   1237 1 345-138 211 211

outage of 27004 11BRWN N to 27064 11BRWN N   1240 2

outage of 27005 11GHENT  to 27014 11W FRNK   1242 1 345 211 211

outage of 27005 11GHENT  to 27015 11W LEXN   1245 1 345 211 211

outage of 27005 11GHENT  to 27092 11GHENT   1247 1 345-138 211 211

outage of 27005 11GHENT  to 27092 11GHENT   1250 2 345-138 211 211

outage of 27006 11HARDN  to 27012 11SMITH   1252 1 345 211 211

Multiple outage of 27006 11HARDN  to 27012 11SMITH & SMITH #2(250MW)   1253 345 211 211

outage of 27006 11HARDN  to 27100 11HARDN   1255 1 345-138 211 211

outage of 27006 11HARDN  to 27100 11HARDN   1256 2 345-138 211 211

outage of 27011 11PINEVI to 27038 11PINEVI   1257 1 345-161 211 211

outage of 27012 11SMITH  to 27142 11SMITH   1260 1 345-138 211 211

outage of 27015 11W LEXN to 27153 11W LEXN   1262 1 345-138 211 211

outage of 27020 11CORY T to 27028 11GR RV   1272 1 161 211 211
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outage of 27020 11CORY T to 27035 11MORGNF   1275 1 161 211 211

outage of 27022 11CRITTE to 27033 11LIV C   1280 1 161 211 211

outage of 27022 11CRITTE to 27035 11MORGNF   1282 1 161 211 211

outage of 27022 11CRITTE to 27191 11CRITTE   1285 1 161-69 211 211

outage of 27025 11EARL N to 27033 11LIV C   1287 1 161 211 211

outage of 27025 11EARL N to 27042 11RQ TAP   1290 1 161 211 211

outage of 27025 11EARL N to 27198 11EARL N   1295 1 161-69 211 211

outage of 27028 11GR RV  to 27042 11RQ TAP   1297 1 161 211 211

outage of 27028 11GR RV  to 27095 11GR RVR   1300 1 161-138 211 211

outage of 27028 11GR RV  to 27095 11GR RVR   1302 2 161-138 211 211

outage of 27028 11GR RV  to 27095 11GR RVR   1303 3 161-138 211 211

outage of 27029 11GRAHVL to 27043 11S PADU   1305 1 161 211 211

outage of 27033 11LIV C  to 27043 11S PADU   1320 1 161 211 211

outage of 27035 11MORGNF to 27255 11MORGNF   1322 1 161-69 211 211

outage of 27043 11S PADU to 27276 11S PADU   1337 1 161-69 211 211

outage of 27051 11ADAMS  to 27097 11HAEFLI   1345 1 138 211 211

outage of 27051 11ADAMS  to 27148 11TYRONE   1347 1 138 211 211

outage of 27057 11BKR LN to 27064 11BRWN N   1350 1 138 211 211

outage of 27057 11BKR LN to 27101 11HIGBY   1352 1 138 211 211

outage of 27058 11BARDST to 27063 11BRWNCT   1355 1 138 211 211

outage of 27058 11BARDST to 27124 11NELSON   1357 1 138 211 211

outage of 27061 11BONNIE to 27141 11SHREWS   1360 1 138 211 211

outage of 27061 11BONNIE to 27152 11W LEBA   1362 1 138 211 211

outage of 27061 11BONNIE to 27173 11BONNI   1365 1 138-69 211 211

outage of 27063 11BRWNCT to 27064 11BRWN N   1367 1 138 211 211

outage of 27063 11BRWNCT to 27066 11BRWNT1   1370 1 138 211 211

outage of 27063 11BRWNCT to 27067 11BRWNT2   1372 1 138 211 211

outage of 27064 11BRWN N to 27066 11BRWNT1   1375 1 138 211 211

outage of 27064 11BRWN N to 27067 11BRWNT2   1377 1 138 211 211

outage of 27064 11BRWN N to 27078 11CLAYS   1380 1 138 211 211

outage of 27064 11BRWN N to 27101 11HIGBY   1382 1 138 211 211

outage of 27064 11BRWN N to 27132 11PISGAH   1385 1 138 211 211

outage of 27064 11BRWN N to 27148 11TYRONE   1387 1 138 211 211

outage of 27065 11BRWN P to 27066 11BRWNT1   1390 1 138 211 211

outage of 27065 11BRWN P to 27067 11BRWNT2   1392 1 138 211 211

outage of 27065 11BRWN P to 27118 11MERCR   1397 1 138 211 211

outage of 27078 11CLAYS  to 27101 11HIGBY   1407 1 138 211 211

outage of 27079 11CLVRPR to 27094 11GR STL   1410 1 138 211 211

outage of 27079 11CLVRPR to 27099 11HARDBG   1412 1 138 211 211

outage of 27079 11CLVRPR to 27144 11TIPTOP   1415 1 138 211 211

outage of 27085 11ETOWN  to 27100 11HARDN   1422 1 138 211 211

outage of 27085 11ETOWN  to 27124 11NELSON   1425 1 138 211 211

outage of 27085 11ETOWN  to 27203 11ETOWN   1427 1 138-69 211 211

outage of 27088 11FAWKES to 27209 11FAWKES   1430 1 138-69 211 211

outage of 27088 11FAWKES to 27209 11FAWKES   1432 2 138-69 211 211
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outage of 27091 11FFRT E to 27148 11TYRONE   1437 1 138 211 211

outage of 27092 11GHENT  to 27120 11MIDWAY   1440 1 138 211 211

outage of 27094 11GR STL to 27095 11GR RVR   1442 1 138 211 211

outage of 27094 11GR STL to 27142 11SMITH   1445 1 138 211 211

outage of 27094 11GR STL to 27215 11GR STL   1447 1 138-69 211 211

outage of 27095 11GR RVR to 27126 11OHIO C   1450 1 138 211 211

outage of 27095 11GR RVR to 27126 11OHIO C   1452 2 138 211 211

outage of 27095 11GR RVR to 27216 11GR RVR   1455 1 138-69 211 211

outage of 27095 11GR RVR to 27216 11GR RVR   1457 2 138-69 211 211

outage of 27097 11HAEFLI to 27149 11VILEY   1460 1 138 211 211

outage of 27097 11HAEFLI to 27153 11W LEXN   1462 1 138 211 211

outage of 27099 11HARDBG to 27100 11HARDN   1465 1 138 211 211

outage of 27100 11HARDN  to 27138 11ROGERS   1467 1 138 211 211

outage of 27100 11HARDN  to 27222 11HARDN   1470 1 138-69 211 211

outage of 27100 11HARDN  to 27222 11HARDN   1472 2 138-69 211 211

outage of 27101 11HIGBY  to 27136 11REYNOL   1477 1 138 211 211

outage of 27101 11HIGBY  to 27225 11HIGB A   1480 1 138-69 211 211

outage of 27101 11HIGBY  to 27226 11HIGB B   1482 1 138-69 211 211

outage of 27108 11LEBANO to 27118 11MERCR   1487 1 138 211 211

outage of 27108 11LEBANO to 27152 11W LEBA   1490 1 138 211 211

outage of 27108 11LEBANO to 27239 11LEBANO   1492 1 138-69 211 211

outage of 27108 11LEBANO to 27239 11LEBANO   1495 2 138-69 211 211

outage of 27109 11LEITCH to 27240 11LEITCH   1500 1 138-69 211 211

outage of 27120 11MIDWAY to 27153 11W LEXN   1502 1 138 211 211

outage of 27126 11OHIO C to 27141 11SHREWS   1505 1 138 211 211

outage of 27126 11OHIO C to 27259 11OHIO C   1507 1 138-69 211 211

outage of 27132 11PISGAH to 27153 11W LEXN   1510 1 138 211 211

outage of 27132 11PISGAH to 27266 11PISGAH   1512 1 138-69 211 211

outage of 27135 11POND C to 27144 11TIPTOP   1515 1 138 211 211

outage of 27138 11ROGERS to 27144 11TIPTOP   1517 1

outage of 27138 11ROGERS to 27274 11ROGERS   1520 1 138-69 211 211

outage of 27142 11SMITH  to 27261 11OMU   1522 1 138-69 211 211

outage of 27142 11SMITH  to 27261 11OMU   1525 2 138-69 211 211

outage of 27142 11SMITH  to 27261 11OMU   1527 3 138-69 211 211

outage of 27142 11SMITH  to 27261 11OMU   1530 4 138-69 211 211

outage of 27142 11SMITH  to 27261 11OMU   1532 5 138-69 211 211

outage of 27142 11SMITH  to 27261 11OMU   1535 6 138-69 211 211

outage of 27148 11TYRONE to 27289 11TYRONE   1537 1 138-69 211 211

outage of 27149 11VILEY  to 27153 11W LEXN   1540 1 138 211 211

outage of 27216 11GR RVR to 27306 11GR RVR   1615 1 69-34.5 211 211

outage of 27028 11GR RV  to 27553 14WILSO5   1685 1 161 211-214 211-214

outage of 27079 11CLVRPR to 27615 14N.HAR4   1687 1 138 211-214 211-214

outage of 27099 11HARDBG to 27615 14N.HAR4   1690 1 138 211-214 211-214

outage of 27561 14WILSO7 to 27553 14WILSO5   1725 1 345-161 214 214

outage of 27561 14WILSO7 to 27562 14REID 7   1730 1 345 214 214
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outage of 27561 14WILSO7 to 27563 14COLE 7   1732 1

outage of 27562 14REID 7 to 27551 14REID 5   1735 1 345-161 214 214

outage of 27563 14COLE 7 to 27552 14COLE 5   1740 1 345-161 214 214

outage of 27551 14REID 5 to 27559 14DAVIS5   1745 1 161 214 214

outage of 27551 14REID 5 to 27560 14HENDR5   1747 1 161 214 214

outage of 27551 14REID 5 to 27619 14HOPCO5   1750 1 161 214 214

outage of 27552 14COLE 5 to 27557 14HANCO5   1752 1 161 214 214

outage of 27552 14COLE 5 to 27564 14NATAL5   1755 1 161 214 214

outage of 27557 14HANCO5 to 27559 14DAVIS5   1765 1 161 214 214

outage of 27558 14SKILM5 to 27564 14NATAL5   1767 1 161 214 214

outage of 27558 14SKILM5 to 27616 14N.HAR5   1770 1 161 214 214

outage of 27560 14HENDR5 to 27617 14HENDR4   1775 1 161-138 214 214

outage of 27615 14N.HAR4 to 27616 14N.HAR5   1780 1 138-161 214 214

outage of 27618 14LIVIN5 to 33352 5RENSHAW   1790 1 161 214-361 214-352

outage of 27824 16PETE   to 27871 16PETE   1815 E 345-138 216 216

outage of 27824 16PETE   to 27871 16PETE   1817 W 345-138 216 216

outage of 31350 NORRIS   to 31351 NORRIS   1912 1 345-138 356 321

outage of 31289 MUDDY    to 31351 NORRIS   1915 1 138 356 321

outage of 30008 ALBION   to 30009 ALBION R   1917 1 345-138 356 323

outage of 30009 ALBION R to 30010 ALBION   1920 1 138 356 323

outage of 30010 ALBION   to 30439 CROSSVL   1922 1 138 356 323

outage of 30010 ALBION   to 31367 OLNEY   1927 1 138 356 323

outage of 30878 KINMUNDY to 30966 LOUISVL   1930 1 138 356 323

outage of 30931 LAWRNCVL to 31367 OLNEY   1932 1 138 356 323

outage of 30966 LOUISVL  to 31331 NEWTON   1935 1 138 356 323

outage of 30966 LOUISVL  to 31367 OLNEY   1937 1 138 356 323

outage of 30931 LAWRNCVL to 31626 ROBNSNAM   1940 1 138 356 323-310

outage of 31331 NEWTON   to 31626 ROBNSNAM   1947 1 138 356 323-310

outage of 30439 CROSSVL  to 31351 NORRIS   1950 1 138 356 323-321

outage of 27097 11HAEFLI to 27053 11AMERI   2010 1 138 211 211

outage of 25949 08SPEED  to 25181 07RAMSY5   2012 1 345 207-208 207-281

outage of 26128 08WASH J to 26083 08PEATAP   2015 1 138 208 281

outage of 26128 08WASH J to 26077 08WASHMU   2017 1 138 208 281

Multiple element outage Three Winding Transformer   at Montgomery 500-1  147     1   3010 147 166

Multiple element outage Three Winding Transformer   at Hopkinsville   161-1  147        3040 147 166

Multiple outage of 27028 11GR RV  to 27553 14WILSO5 & SMITH #2(250MW)   3120 161 211-214 211-214

Multiple outage of 27028 11GR RV  to 27553 14WILSO5 & PARADISE (358MW)   3130 161 211-214 211-214

Multiple outage of 27094 11GR STL to 27142 11SMITH & SMITH #2(250MW)   3510 138 211 211

Multiple outage of 27094 11GR STL to 27142 11SMITH & SMITH #1(150MW)   3520 138 211 211

Multiple outage of 27012 11SMITH  to 27142 11SMITH & SMITH #2(250MW)   3530 345-138 211 211

Multiple outage of 27012 11SMITH  to 27142 11SMITH & SMITH #1(150MW)   3540 345-138 211 211

Multiple outage of OMU ESS SMITH Unit #1 & #2 (400MW)   3600    

outage of 18429 5MONTGOM to 18658 5             E   4230 1 161 147 166

outage of 18429 5MONTGOM to 18683 5CLARKSV   4232 1 161 147 166

outage of 18429 5MONTGOM to 18844 5BARKERS   4235 1 161 147 166
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ContingencyNo. Ckt Base kV Area Zone
outage of 18429 5MONTGOM to 19162 5UNION C   4237 1 161 147 166

outage of 18429 5MONTGOM to 19221 5KRKWD T   4240 1 161 147 166

outage of 18431 5DAVIDSO to 18719 5W NASH   4242 1 161 147 166

outage of 18431 5DAVIDSO to 18720 5RADNOR   4245 1 161 147 166

outage of 18433 5MAURY   to 18671 5MONSNT   4247 1 161 147 166

outage of 18433 5MAURY   to 19040 5HENPECK   4255 1 161 147 166

outage of 18433 5MAURY   to 19121 5RLLYHLT   4257 1 161 147 166

outage of 18450 5WILSNTN to 18711 5GALLATI   4260 1 161 147 166

outage of 18450 5WILSNTN to 18731 5HERMITA   4262 1 161 147 166

outage of 18450 5WILSNTN to 18914 5GLADV T   4265 1 161 147 166

outage of 18450 5WILSNTN to 19086 5CENT PK   4267 1 161 147 166

outage of 18450 5WILSNTN to 19131 5LKEVIE   4270 1 161 147 166

outage of 18645 5OAK PLA to 18683 5CLARKSV   4287 1 161 147 166

outage of 18645 5OAK PLA to 19207 5BEARWAL   4290 1 161 147 166

outage of 18673 5KNG SPR to 18698 5DAVSN 2   4295 1 161 147 166

outage of 18683 5CLARKSV to 18980 5DUNBAR   4300 1 161 147 166

outage of 18683 5CLARKSV to 19163 5ST BETH   4305 1 161 147 166

outage of 18695 5FRNK KY to 18796 5PORT SS   4347 1 161 147 166

outage of 18697 5SCOTTSV to 19031 5S. SCOT   4350 1 161 147 166

outage of 18698 5DAVSN 2 to 18740 5DAVSNRD   4352 1 161 147 166

outage of 18698 5DAVSN 2 to 19070 5GRASL T   4355 1 161 147 166

outage of 18710 5GALTN P to 19509 5HOEGANT   4357 1 161 147 166

outage of 18710 5GALTN P to 19206 5LAKEVIE   4360 1 161 147 166

outage of 18710 5GALTN P to 18885 5GALLAT2   4362 1 161 147 166

outage of 18861 5CAIRO B to 18885 5GALLAT2   4365 1 161 147 166

outage of 18711 5GALLATI to 18890 5LASCASS   4367 1 161 147 166

outage of 18711 5GALLATI to 19020 5LEB IPT   4370 1 161 147 166

outage of 18711 5GALLATI to 19154 5HARTSVI   4372 1 161 147 166

outage of 18713 5LAFAYET to 19031 5S. SCOT   4380 1 161 147 166

outage of 18713 5LAFAYET to 19154 5HARTSVI   4382 1 161 147 166

outage of 18715 5SPRNGFD to 19225 5COOPERT   4390 1 161 147 166

outage of 18717 5N NASH  to 18722 5WHITES   4397 1 161 147 166

outage of 18717 5N NASH  to 18727 5SAUNDER   4402 1 161 147 166

outage of 18718 5S NASH  to 18719 5W NASH   4412 1 161 147 166

outage of 18718 5S NASH  to 18730 5DONELSO   4415 1 161 147 166

outage of 18719 5W NASH  to 18722 5WHITES   4417 1 161 147 166

outage of 18719 5W NASH  to 18740 5DAVSNRD   4420 1 161 147 166

outage of 18719 5W NASH  to 19398 5GALLOWY   4422 1 161 147 166

outage of 18718 5S NASH  to 19053 5CRAIGHE   4425 1 161 147 166

outage of 18728 5ELYSIAN to 19053 5CRAIGHE   4427 1 161 147 166

outage of 18719 5W NASH  to 19543 5ASHLDTP   4430 1 161 147 166

outage of 18720 5RADNOR  to 18728 5ELYSIAN   4432 1 161 147 166

outage of 18720 5RADNOR  to 18737 5NOLNVLE   4435 1 161 147 166

outage of 18720 5RADNOR  to 18747 5E.FRANK   4437 1 161 147 166

outage of 18720 5RADNOR  to 18763 5BRENTWO   4440 1 161 147 166
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ContingencyNo. Ckt Base kV Area Zone
outage of 18720 5RADNOR  to 19070 5GRASL T   4442 1 161 147 166

outage of 18724 5PIN HOO to 18738 5CANE RI   4450 1 161 147 166

outage of 18724 5PIN HOO to 18743 5SMYRNA   4452 1 161 147 166

outage of 18724 5PIN HOO to 19037 5MURF RD   4455 1 161 147 166

outage of 18724 5PIN HOO to 19083 5HURRICA   4457 1 161 147 166

outage of 18724 5PIN HOO to 19086 5CENT PK   4460 1 161 147 166

outage of 18727 5SAUNDER to 19131 5LKEVIE   4465 1 161 147 166

outage of 18730 5DONELSO to 18731 5HERMITA   4467 1 161 147 166

outage of 18737 5NOLNVLE to 18738 5CANE RI   4470 1 161 147 166

outage of 18747 5E.FRANK to 18763 5BRENTWO   4472 1 161 147 166

outage of 18747 5E.FRANK to 19040 5HENPECK   4475 1 161 147 166

outage of 18913 5HNDRV T to 19187 5OCANA T   4485 1 161 147 166

outage of 18980 5DUNBAR  to 19472 5ELKTNTP   4490 1 161 147 166

outage of 19006 5GLASG T to 19007 5BRSTO T   4492 1 161 147 166

outage of 19162 5UNION C to 19163 5ST BETH   4500 1 161 147 166

outage of 19207 5BEARWAL to 19543 5ASHLDTP   4502 1 161 147 166

outage of 19221 5KRKWD T to 19225 5COOPERT   4505 1 161 147 166

outage of 26047 08BEDFRD to 26049 08HARDSB   4942 1 138 208 281

outage of 27061 11BONNIE to 29227 20BONNIE   5700 1 138-69 211-220 211-220
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TRANSMISSION 2000 Contingency Processor Exhibit A8Area  Zone Report

Zone Zone Name
Contingency

Buses
Monitored 

BusesArea Area Name

130  AECI   
130 AECI    0 22
133 AECI-CNT 0 18
134 AECI-KMO 0 2
135 AECI-SMP 0 53
136 AECI-M&A 0 25

0 120

141  CPLW   
106 CPL-W   0 1

0 1

146  SOCO   
140 GA-ITS  0 56
141 APC     0 20

0 76

147  TVA    
165 TVAWEST 1 284
166 TVANS   110 547
167 TVAEAST 1 376

112 1207

148  DOE    
170 DOE     0 5

0 5

151  EES    
157 EES_EAST 0 25
158 EES_CNTR 0 15
159 EES_NOR 0 146

0 186

170  ENSE   
169 ENRON   0 7

0 7

171  ENCA   
169 ENRON   0 10

0 10

172  ENNA   
169 ENRON   0 10

0 10

173  ENGL   
169 ENRON   0 5

0 5

205  AEP    
250 AEP-AP  0 9
252 AEP-IM  2 4
444 MISO_IA 0 1

2 14

207  HE     
207 HE      10 24

10 24

208  CIN    
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Zone Zone Name
Contingency

Buses
Monitored 

BusesArea Area Name

281 PSI     21 5

21 5

210  SIGE   
210 SIGE    30 52

30 52

211  LGEE   
211 LGEE    80 324
444 MISO_IA 0 4

80 328

214  BREC   
214 BREC    17 24

17 24

216  IPL    
216 IPL     2 1

2 1

220  EKPC   
220 EKPC    1 20

1 20

356  AMRN   
306 EASTERN 0 4
310 REG E-IL 2 90
311 FRKNJEFF 0 17
312 ST FRAN 0 30
313 STCHMOED 0 25
314 LKSDMP&L 0 32
315 GREENHIL 0 2
316 SEMO    0 12
317 N METRO 0 36
318 S METRO 0 45
319 ILL-IOWA 0 12
321         3 24
322         0 28
323         9 49
329         0 14

14 420

357  IP     
357 IP      1 263

1 263

361  SIPC   
351 EEC     0 9
352 SEIEC   1 11
361 SIPC    0 7
444 MISO_IA 0 1

1 28

362  EEI    
362         0 6

0 6

515  SWPA   
515         0 41

0 41

520  CESW   
520         0 1
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Zone Zone Name
Contingency

Buses
Monitored 

BusesArea Area Name

0 1

524  OKGE   
524         0 3

0 3

536  WERE   
537         0 4

0 4

541  KACP   
541         0 1

0 1

544  EMDE   
544         0 1

0 1

546  SPRM   
546         0 2

0 2
291 2865
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Overloaded Facilities for
 Preliminary and  MISO  Power Flow Studies

Exhibit A11

Branch Circuit
Circuit Normal Emergency Normal Emergency

Big Rivers Electric Corporation
*Wilson to Coleman 345 kV 598 598 956 956

LG&E Energy
*Baker Lane to Brown N 138 kV 205 216 224 277
*Earlington N to River Queen Tap 161 kV 184 184 209 257
*Eastview to Stephensburg 69 kV 42 42 56 68
*Elizabethtown to Tharp 69 kV 72 79 90 111
*Green River Steel 138-69 kV Transformer 93 102 93 107
*Green River Steel to OMU 69 kV 72 86 146 181
*Green River to Ohio County 138 kV 1 143 158 179 220
*Green River to Ohio County 138 kV 2 143 158 179 220
*Green River to River Queen Tap 69 kV 55 55 89 110
*Leitchfield 138-69 kV Transformer 72 79 93 107
*Leitchfield to Shrewsbury 138 kV 82 82 179 220
*Newtonville to Cloverport 138 kV 143 143 162 199
*Ohio County to Shrewsbury 138 kV 165 165 179 220
*Smith to Hardin County 345 kV 275 308 1195 1315
*Adams to Tyrone 138 kV 97 97 179 220
Arnold to Delvinta 161 kV 113 113 167 201
Artemus to Farley 161 kV 142 142 209 257
Artemus to Pineville 161 kV 129 129 176 201
Delvinta to West Irvine Tap 161 kV 142 142 176 201
Ghent to Owen County Tap 138 kV 227 227 227 280
Green River Steel to Smith 138 kV 241 241 287 287
Lake Reba Tap to West Irvine Tap 161 kV 165 165 167 223

East Kentucky Power Cooperative
*Stephensburg to Upton Junction 69 kV 19 19 45 54

 Overloaded facilities requiring upgrades in TVA, SIGE and EES systems are not shown in this table

Old Rating New Rating

*Facilities with an asterisk were revised after reviewing the preliminary power flow studies
 Facilities without an asterisk were revised after reviewing the MISO power flow studiies
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EXHIBIT A16

File Wilson1a6cy Commonwealth Associates

Fault at Wilson 345 kV  - Cleared in 6 cycles

Figure A16B

Figure A16A
2003 Summer - Base Case

Fault at Wilson 345 kV  - Cleared in 6 cycles

2003 Summer - Base Case
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EXHIBIT A17

File wilson1a Commonwealth Associates File wilson1a Commonwealth Associates

Fault at Wilson 345 kV  - Critical Clearing, 8 cycles

Figure A17C

Figure A17A
2003 Summer - Base Case

Fault at Wilson 345 kV  - Critical Clearing, 8 cycles

2003 Summer - Base Case 2003 Summer - Base Case
Fault at Wilson 345 kV  - Unstable Clearing,  9 cycles

Figure A17B
2003 Summer - Base Case

Fault at Wilson 345 kV  - Unstable Clearing,  9 cycles

Figure A17D
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 DRAWINGS 



Map Source: Environmental Systems Research Institute (ESRI) &
North American Electric Reliability Council (NERC), January 1, 1997.

Bedford
900

IAF/CP

Noblesville

210

IC/FC

142
UC
CP

1500

IE/FE

73

UC

500

IC/FC

912

IC/FC

3

IAF

640

IC/FC

Wheatland

375
IAF

IP/FP Ramsey
Middletown

Wilson

G21
G22

Albion Gibson

G08

Petersburg

Merom

Breed
Casey

Kansas

Sidney

Eugene
Bunsonville

G09

G15

G64

G25

Gwynneville

G02
G03
G16
G17
G18
G69

G19

Tanners

Desoto

Rockport

Sunnyside

Stout

Hanna

Illinois

Indiana

Kentucky

Ohio

Missouri

TENNESSEE

W. Mt. Vernon

Baldwin

S. Belleville
Cahokia

Campbell
Stallings

Roxford

Coffeen N. Coffeen
Ramsey

Neoga

Newton

Rush Island

St. Francois

EEI
Shawnee

Marshall

Kelso

Lutesville

Pana

Pawnee
Kincaid

Latham

Oreana

Rising
Clinton

Brokaw

Tazewell

Powerton

Cayuga

Whitestown

Lafayette

Westwood
Dequine Kokomo

New London

Greenstown
Webster

Carmel
Fall Creek

Greensboro

Five Points

Thompson

Columbus

Bloomington

Jefferson

Speed

Trimble Co.

W. Frankfort

W. Lexington

Brown

Mill Creek

Blue Lick

East
Bend

Ghent

Batesville

Dearborn

Worthington

Staunton

Wabash
River

Ipava

Todhunter

Port
Union

Foster

Terminal
Pierce

G10

ALABAMA

Montgomery

Paradise

Reid

Coleman

Smith

Paddys
West

Gallagher

Northside

Cumberland

Johnsonville

Weakley

Jackson

Shelby

Cordova

Freeport

New Madrid

Dell

Davidson

Maury

Franklin

Wilson

Sequoyah

Watts Bar

Racoon Mnt.

Widows Creek

Madison
Browns
Ferry

Trinity

Bellefonte

E. Dalton

Oostanaula

Pinson

Dresser

W. Milton

Shelby

Miami

Sorenson

S. W. Lima

E. Lima

Allen
Leesburg

Burr Oak

Pontiac
Midpoint

Braidwood

Davis Creek
Lasalle

Collins

Dresden Wilton Ctr.

Joliet
Lockport Bloom St. John

Green
Acres

Schahfer

Tower Rd.

0 10 20 30 40 50 60

Miles

Scale: 1" = 30 Miles (1:1,900,800)

135

IN-SERVICE
AEP 21

E. W. Frankfort
Hardin Co.

N. Coulter

Pinkneyville

W. Frankfort

DRAWING B1

765 kV Transmission Line
500 kV Transmission Line
345 kV Transmission Line
230 kV Transmission Line

MW174

IC/FC Study Status

G21

Substation
Power Station

Generator Interconnect
Queue Number

Location of MISO and AEP Generators with
Signed Interconnection Agreements (IA)

Big Rivers Electric Corporation
Thoroughbred Energy Campus

November 26, 2002



LE
FT

 B
LA

N
K

 I
N

TE
N

TI
O

N
A

LL
Y 



Map Source: Environmental Systems Research Institute (ESRI) &
North American Electric Reliability Council (NERC), January 1, 1997.
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 BASE CASE MODEL DEVELOPMENT 
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 From: "Chris Bradley" <cbradley@bigrivers.com>
 To: <tlorloff@cai-engr.com>
 Subject: Thoroughbred Energy Campus
 Date sent: Fri, 24 Aug 2001 11:32:21 -0500 

Terri,

The following multiple contingencies should be added to the Thoroughbred Energy Campus contingency list 
(the second two outages shouldn't result in any initial problems, but may come into play during the mitigation 
study phase): 

27561 14WILSO7 345 KV  27563 14COLE 7 345 WITH THE 155 MW 14COLE 5 UNIT 3 OUTAGED. 

27553 14WILSO5 161  27028 11GR RV 161 WITH THE 250 MW 11SMITH UNIT 2 OUTAGED. 

27553 14WILSO5 161  27028 11GR RV 161 WITH ONE PARADISE (TVA) 161 KV GENERATING UNIT 
OUTAGED. 

Base Case Changes: 

Since the BREC 69 kV facilities are equivalized, the loadings should be ignored (or the ratings should be 
significantly raised). 

I may be changing the BREC generation dispatch (and interchange).  I plan to discuss this with others (I will 
let you know early next week). 

Chris Bradley 
Senior Planning Engineer 
Big Rivers Electric Corporation 
Phone 270-827-2561 ext 2226 
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From:            "Marler, David E." <demarler@tva.gov>
To:              tlorloff@cai-engr.com
Copies to:       rdcook@cai-engr.com, "Gardner, John R." <jrgardner@tva.gov>
Subject:         RE: Thoroughbred Data Request #1
Date sent:       Fri, 24 Aug 2001 15:21:30 -0400

Terri,

The data requested from TVA is listed below.  Let me know if you need 
anything else or have any problem with the attached files. 

B1.
1. TVA.ppt shows the TVA transmission system in the Paradise area 
2. No new generation to add 
3. No modifications to add 
4. No special facilities to include 
5. No combinations to include 
6. No multiple element contingencies to include 

B2.
7. Positive sequence - FA05SPF.raw   Zero sequence - FA05SPF.seq 
Notes:  These files are in PSS/E raw data format.  TVA uses 1.05pu 
voltages
and X"d(sat) impedances in fault cases.  The threshold impedance must be 
set 
to zero (not 0.00001) to prevent improper isolating of buses. 

B3 data will be supplied later. 

David E. Marler, P.E. 
TVA - Transmission Planning 
Phone: 423-751-7100 
Fax:   423-751-3453 
Email: demarler@tva.gov
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 From: "Robert Hunzinger" <hunzingerre@omu.org>
 To: <tlorloff@cai-engr.com>
 Subject: TBred Energy data request #1
 Date sent: Wed, 29 Aug 2001 14:30:35 -0500 
 Copies to: "Jan Howard" <howardjl@omu.org>

Terri, OMU's information in response to DR #1 is as follows: 

B1 - load flow modelling 

1. Electrical One-Line  - We will forward a CAD version of the one-line soon.  The one-line will show the 
OMU Elmer Smith Station (ESS) switchyard, which includes the KU interconnections, and OMU's internal 
load serving 138 kV and 69 kV "transmission system" facilities located at the plant switchyard.  Note: For  
purposes of the Tbred studies, the OMU system is adequately modelled in the Summer 2005 case with the 
representation that KU has included.  Confidentially, If we need further detail as the study progresses, BREC 
has a more detailed model that includes the entire OMU 69 kV looped transmission system.   

2.  Not applicable to OMU (no new generation) 
3.  Not applicable to OMU (no new transmission facilities) 

4.  No special facilities to add to the contingency list. 

5.  Combination single line and single generator contingencies: 

5-1. OMU ESS to KU Green River Steel 138 kV line 
       OMU ESS Unit #2 

5-2. OMU ESS to KU Green River Steel 138 kV line 
       OMU ESS Unit #1 

5-3. OMU ESS 138 / 345 kV Transformer (KU OMU ESS to KU Brown 345 kV line) 
        OMU ESS Unit #2 

5-4.  OMU ESS 138 / 345 kV Transformer (KU OMU ESS to KU Brown 345 kV line) 
         OMU ESS Unit #1 
       
Of course we are also interested in the single facility contingency results on their own, without generation 
outages.    

6.  Multiple element contingencies 
     Complete loss of OMU ESS Generation (both units #1 and #2) 

For the above cases, I am assuming the CAI will also review the system during light load periods.  In some 
cases, facility loading during light load periods will be higher than during peak load periods.  An example is 
the loading on the OMU ESS 138/345 kV transformer.  We have seen actual flows high on this transformer 
during light load periods with OMU ESS generation full up, KU Green River Station generation full up, and 
likely system South to North transfer conditions.   

B2 Short Circuit Modelling 

7.  Positive and Zero Sequence Models 

     Again, the KU representation of the OMU system should be adequate for the first cut review for the short 
circuit study.  It is our understanding that KU has the positive and zero sequence impedances included in 
their model.  We expect to see that there is x% change in available fault MVA at the OMU ESS 138 kV bus 
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due to the Tbred generation addition.  OMU will review the magnitude of the increase for any adverse affects 
on our system.  If significant changes occur, the BREC more detailed representation of the OMU system 
could be utilized to further analyze.  The effects of future system improvements - such as 345 kV sources to 
the OMU bus may require further detail.   

Please contact me if there are any questions.  Thanks, Bob Hunzinger 
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From:            "Chris Bradley" <cbradley@bigrivers.com>
To:              "Terri Orloff" <tlorloff@cai-engr.com>,

"Cook, Rick" <rdcook@cai-engr.com>
Subject:         Thoroughbred: BREC dispatch for 05S 
Date sent:       Thu, 30 Aug 2001 08:14:11 -0500

Rick/Terri: 

Big Rivers net export should be changed from -190 to 40 MW.   
A 190 MW purchase from TVA should be eliminated (ratio gen down in TVA),   
a 40 MW sale to Hoosier (HE) should be added.  -190 (+230 MW) =   40 MW 

The Big Rivers dispatch should be: 

Bus 27551 14REID 5 161 (UNIT 1:231 MW, 2: 223 MW, 3: 154 MW, 4 161 MW)    =  769 MW 
Bus 27552 14COLE 5 161 (UNIT 1: 150 MW, UNIT 2: 150 MW, UNIT 3: 139 MW)  = 439 MW 
Bus 27553 14WILSO5 161 404 MW                                                                           =  404 MW 
Bus 27554 14REID  69      (UNIT 1-MAY BE LISTED AS 5: 32 MW, CT 65 MW)      =    97 MW 

Total change in generation 270 MW 

Contingencies: 

Cont 3110  27561 14WILSO7 345 KV  27563 14COLE 7 345 WITH THE 155 MW 14COLE 5 UNIT 3 
OUTAGED.  
(pick up gen: 16 MW at Wilson, 33 MW at Reid 69 kV, balance from anywhere North to Northwest 
(Cinergy?   Area  = 208-CIN) 

Cont 3120  27553 14WILSO5 161  27028 11GR RV 161 WITH THE 250 MW 11SMITH UNIT 2 OUTAGED.  
(pick up generation from the North,  areas = 205-AEP, 356-AMREN, 208-CIN) 

Cont 3130  27553 14WILSO5 161  27028 11GR RV 161 WITH ONE 335 MW or 358 MW PARADISE (TVA) 
161 KV GENERATING UNIT  OUTAGED.  (GSU BUS NO’S 18257,18258,18259,18260) 
(pick up generation from the North,  areas = 205-AEP, 356-AMREN, 208-CIN) 

Chris Bradley 
Senior Planning Engineer 
Big Rivers Electric Corporation 
Phone 270-827-2561 ext 2226 
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TELEPHONE CALL FROM CHRIS REGARDING BREC DISPATCH 
October 24, 2001  -  13:00:00 

"Chris Bradley" <cbradley@bigrivers.com>
"Terri Orloff" <tlorloff@cai-engr.com>,
"Cook, Rick" <rdcook@cai-engr.com>
Thoroughbred: BREC dispatch for 05S 
Thu, 30 Aug 2001 08:14:11 -0500

The Big Rivers dispatch to be changed 
CHANGE FROM: 
Bus 27551 14REID 5 161 (UNIT 1:208.4 MW, 2: 200.4 MW, 3: 131.2 MW, 4: 64 MW) =  604 MW 
Bus 27552 14COLE 5 161 (UNIT 1: 110 MW, UNIT 2: 150 MW, UNIT 3: 155 MW)   = 415 MW 
Bus 27553 14WILSO5 161 420 MW                                                                            =  420 MW 
Bus 27554 14REID  69      (UNIT 1-MAY BE LISTED AS 5: 0 MW, CT 0 MW)       =       0 MW 

BEFORE NEW DISPATCH: Generation =  1439 MW 

The Big Rivers dispatch should be changed as follows: 
CHANGE TO: 
Bus 27551 14REID 5 161 (UNIT 1:231 MW, 2: 223 MW, 3: 154 MW, 4 161 MW)    =  769 MW 
Bus 27552 14COLE 5 161 (UNIT 1: 150 MW, UNIT 2: 150 MW, UNIT 3: 155 MW)  = 455 MW 
Bus 27553 14WILSO5 161 420 MW                                                                           =  420 MW 
Bus 27554 14REID  69      (UNIT 1-MAY BE LISTED AS 5: 13 MW, CT 12 MW)      =    25 MW 

AFTER DISPATCH: Generation =  1669 MW 

Change in Generation is 1669 MW – 1439 MW= 230 MW 
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From:            "Toll, Michael" <Michael.Toll@lgeenergy.com>
To:              "'Diane C. Wilkie'" <dcwilkie@cai-engr.com>
Subject:         RE: Thoroughbred Data Request #1 
Date sent:       Tue, 4 Sep 2001 13:09:08 -0400  

In response to your data request: 

1)Previously provided 

2)add a sixth ct at 11TRIMBL 345.  Capacity is 160 mw, output is zero. 
Turn off units 4,5, & 6 at 11TRIMBL 345 and redispatch at 11BRWNCT 138 units 5,8 & 9 

3)Make the following transmission changes: 

11GR RV  161   11GR RVR 138  add third transformer (duplicate) 
11HARDN  345   11HARDN  138  add second transformer (duplicate) 
11ROGERS 138   11TIPTOP 138  remove circuit 
11BRWN N 345   11BRWN N 138  remove second transformer 
11BRWN N 345   11PINEVI 345  remove circuit 
11POCK N 500   11POCK N 161  remove second transformer 

4)outage all 500 and 345 kV facilities and all 138 and 161 kV facilities west of Brown Plant. 

5)consider two generator outages, 1) 11GR RVR 138 kV unit 4 and 2)11BRWN N 138 kV unit 3.  
In both cases, purchase the generation from the north. 

If you have additional questions, let me know. 

Thanks, 

Michael G. Toll 
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 From: "Chris Bradley" <cbradley@bigrivers.com>
 To: <tlorloff@cai-engr.com>
 Subject: Thoroughbred Energy Campus Contingency List
 Date sent: Fri, 19 Oct 2001 15:31:06 -0500 

Terri,

I have reviewed the contingency list and have a few changes to propose.  

Contingencies 1727, 1737, and 1742 are each part of two parallel transformers.  Since another 
contingencies covers the loss of one transformer, these contingencies can be eliminated (no need to 
separately outaged each of two parallel transformers). 

Contingencies 1757, 1760, and 1762 involve 69 kV facilities.  These contingencies can be removed. 

Chris Bradley 
Senior Planning Engineer 
Big Rivers Electric Corporation 
Phone 270-827-2561 ext 2226 
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Forwarded by:    "Diane C. Wilkie" <dcwilkie@cai-engr.com>
Forwarded to:    rdcook@cai-engr.com,
              tlorloff@cai-engr.com
Date forwarded: Mon, 5 Nov 2001 08:15:38 -0500
From:            "Adams, Darrin" <darrin.adams@lgeenergy.com>
To:              "Toll, Michael" <Michael.Toll@lgeenergy.com>, 

"'dcwilkie@cai-engr.com'" <dcwilkie@cai-engr.com>, 
"'cbradley@bigrivers.com'" <cbradley@bigrivers.com>

Subject:         Thoroughbred Overload Comparisons - New Ratings
Date sent:       Mon, 5 Nov 2001 08:08:13 -0500 

As discussed in our conference call on Friday, several facilities Identified as overloaded in the 
study are limited by terminal facilities and/or phase-to-ground clearance.  While there will be 
some cost associated with upgrading these limits, for the purposes of this study we will assume 
these transmission lines are limited by the conductor ratings at maximum ground clearance and 
that these transformers are limited by the maximum ratings based on nameplate ratings.  Then, 
the appropriate ratings for these facilities are: 

      Summer Normal   Summer Emergency 
11GR RVR 11RQ TAP     69       89  110 
10NEWTVL 11CLVRPR    138   162  199 
11GR STL 11GR STL 138-69     93  107 
11GR RVR 11OHIO C    138 (circuit 1)  179  220 
11GR RVR 11OHIO C    138 (circuit 2)  179  220 
11LEITCH 11LEITCH 138-69     93  107 
11EASTVW 20STEPHN     69     56  68 
11OHIO C 11SHREWS    138   179  220 
11LEITCH 11SHREWS    138   179  220 
11EARL N 11RQ TAP    161   209  257 
11ETOWN 20THARP     69     90  111 
11GR STL 11OMU      69   146  181 
11BKR LN 11BRWN N    138   224  277 
11ADAMS 11TYRONE    138   179  220 
20STEPHN 20UPTONJ     69     45  54 

Please let Mike or I know if you have any questions about these changes. 
Darrin Adams 
Group Leader, Transmission Planning 
(859) 367-1153 
darrin.adams@lgeenergy.com
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 From: "Chris Bradley" <cbradley@bigrivers.com>
 To: "Terri L. Orloff" <tlorloff@cai-engr.com>, <rdcook@cai-engr.com>
 Subject: Thoroughbred and Paducah
 Date sent: Wed, 7 Nov 2001 11:42:59 -0600 

Rick/Terri, 

Thoroughbred: 

The rating on the Wilson to Coleman 345 kV circuit can be increased from 598 MVA to 956 MVA (normal 
and emergency) with minor terminal modifications (if it becomes necessary, we can go even higher with 
more significant terminal improvements). 

Paducah:

I went back through my Calpine file and found previously supplied generator data (over 1 year ago).  I asked 
Bryan Schueler if the data was still accurate.  He is supposed to be checking on it.  I will let you know as 
soon as Bryan responds.  

Chris Bradley 
Senior Planning Engineer 
Big Rivers Electric Corporation 
Phone 270-827-2561 ext 2226 
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 From: "Adams, Darrin" <darrin.adams@lgeenergy.com>
 To: "'Terri L. Orloff'" <tlorloff@cai-engr.com>
 Subject: Smith-Hardin County 345 kV Line Rating
 Date sent: Tue, 12 Mar 2002 17:29:47 -0500 
 Copies to: rdcook@cai-engr.com, cbradley@bigrivers.com, "Toll, Michael" 

<Michael.Toll@lgeenergy.com>, "Adams, Darrin" <darrin.adams@lgeenergy.com>, 
howardjl@omu.org, hunzingerre@omu.org, demarler@tva.gov, jrgardner@tva.gov

The ratings for the Smith (OMU) to Hardin County 345 kV line are 1195 MVA normal and 1315 MVA 
emergency.  These ratings can be updated in the Thoroughbred Energy Study. 

Thanks, 

Darrin Adams 
Group Leader, Transmission Planning 
LG&E Energy 
(859) 367-1153 
darrin.adams@lgeenergy.com
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From:"Scott Yaeger" <ScottYaeger@peabodyenergy.com>
 To: "Chris Bradley" <cbradley@bigrivers.com>
 Subject: MISO Involvement in BREC Interconnection Study
 Date sent: Wed, 3 Apr 2002 10:03:22 -0600 
 Copies to: michael.toll@lgeenergy.com, darrin.adams@lgeenergy.com,
  "Jacob Williams" <JWilliams@PeabodyEnergy.com>, 

rdcook@cai-engr.com, tlorloff@cai-engr.com

Chris, 
I got your voice mail late yesterday regarding MISOs involvement in the BREC Interconnection 
Study and I wanted to drop you a note on the subject. 

We have no issues with BREC or others sharing results or allowing MISO to start participating 
from here on out, in fact, it makes sense for them to be involved. 

However, as you are aware this interconnection process has been well underway for some time 
and I do not think that we should be subject to a third party independent review/approval that 
would add additional delays into the schedule at this time.  We are seeking interconnection from 
BREC (option III), who is not a MISO member to my knowledge. Other parties are involved as a 
result of the residual impacts on adjoining systems identified in BREC initial study.  LGE may 
want MISO to represent them and that is fine as long as it does not delay the process. 

MISO has very specific rules on how the interconnection process is to transition (posted Dec '01 
and Jan '02).  As I read the policy, studies underway will be completed and if and when  
subsequent studies/agreements are needed (ie-facility study or interconnection agreement with 
MISO members) then MISO will take on a more direct role.  I am looking for LGE to provide direct 
and certain guidance on if and when Peabody needs to deal with MISO instead of LGE.  I will wait 
to get a response from LGE. 

Also, any luck at getting the model to import?  LGE's request for an additional two week review 
period to look at the impacts on their 345Kv system will not start until they get the model.  Nearly 
two weeks has passed since our conference call and a phone mail message yesterday indicated 
that they still did not have access to the model.  Let me know when you get the model to work out 
and LGEs review begins. 

Scott Yaeger 
Peabody Energy 
314-342-7858 
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From:"Adams, Darrin" <darrin.adams@lgeenergy.com>
 To: "'Terri L. Orloff'" <tlorloff@cai-engr.com>, Jerome Fohey 

<JFohey@midwestiso.org>
 Subject: RE: Thoroughbred Energy Campus - Interconnection III, Case 271
 Date sent: Fri, 5 Apr 2002 14:23:36 -0500  
 Copies to: "Adams, Darrin" <darrin.adams@lgeenergy.com>

Based upon discussions Mike and I have had with members of Transmission Planning at the 
Midwest ISO, we feel it is appropriate to include representatives from the MISO in this study from 
this point forward.  LG&E Energy is required to submit to the MISO for review any plans for new 
interconnections above 100 kV, so we would need to discuss this with them ultimately.  Although 
the interconnection option being considered (Option III) does not connect the IPP directly to 
LGEE's system, an interconnection is required between LGEE's system and Big Rivers' system in 
order to facilitate the generator.  Additionally, this generation may have impacts on other MISO 
members' systems that MISO may need to evaluate.    

So we ask that Rick or Terri send the results of the study to this point to Jerry Fohey at the 
MISO.  Also, I think providing the base cases to Jerry would be helpful.  I believe he is using PTI's 
PSS/E powerflow package, but you can confirm this with him.  His email address is 
jfohey@midwestiso.org and his telephone number is (317) 249-5759.  We would like Jerry and 
possibly other representatives from the MISO participate in future discussions regarding this 
study, and to be involved in the review of results.  While we are not indicating that the MISO will 
take over our role in this study, we do feel that MISO representatives should be actively involved. 

Please let me know if there are any comments or concerns.  

Darrin Adams  
Group Leader, Transmission Planning  
LG&E Energy  
(859) 367-1153  
darrin.adams@lgeenergy.com  
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From:"Chris Bradley" <cbradley@bigrivers.com>
 To: "Terri L. Orloff" <tlorloff@cai-engr.com>
 Subject: Light Load Case
 Date sent: Thu, 2 May 2002 08:42:33 -0500 

Terri,

If it is not too late, I would like to change the Big Rivers generation dispatch and net export on the 
light load case.  I would like to remove a 47 MW purchase from SIGECO (Vectren) and add 50 
MW export to TVA.  The net interchange should be 150 MW (up from 53 MW).

Add the generation to the Reid 161 kV bus (27551).

Thank You,

Chris Bradley 
Senior Planning Engineer 
Big Rivers Electric Corporation 
Phone 270-827-2561 ext 2226
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Signed IA generators in case: 

Cinergy
G008 250 MW each modeled as areas 221 and 222.   
G009 Bus 90033 08VIGO 345 modeled as cut into 08DRESSR 345 and 
05VIGO 345 
G010 Bus 31 03SCRK M 345 modeled between 08DRESSR 345 and 08CAY 
CT 345 
G015 Buses 90066 thru 90067 (08BED XX VV.V), along with all the 900xx 
buses that start with 08BED 
G064 Buses 90051, 90052, 90053 (NOB MP X 13.8) (X = 1, 2, or 3) plus 
branches to connect to 08NOBLSV 69 

IPL
G025 Check the number of machines at Stout, I’m pretty sure that’s the one 
here.

LGEE
G002,3,16,17,18,69  Machines 5-10 at 27013 11TRIMBL 345 
G004  Withdrawn, don’t worry about it 
G019 27338 11BUCKNR 345 

SIPC
G021,22 33389 1MRNG5 20 
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AUTOMATIC VOLTAGE REGULATOR

This diagram is drawn to fit with IEEE representation for simulation needs linked to the software 
used. 

This is deteriorated representation of the actual equipment. 

PARAMETERS Precalculated 
VALUE 

Vi max (pu) 0.18 
Vi min (pu) -0.18 
Tc (s) 5 
Tb (s) 167 
Tc1 (s) 1 
Tb1 (s) 1 
Ka (pu) 1000 
Ta (s) 0.01 
Va max (pu) 7.26 
Va min (pu) -5.56 
Vr max (pu) 7,26 
Vr min (pu) -5.56 
Kc (pu) 0 
Kf (pu) 0 
Tf (s) 1 
KLR (pu) 0 
ILR (pu) 1 

KLR

Kf.s
Tf.s+1

+

-

Vt*Vr max - Kc*IFD

Vt*Vr min 

EFD

+

-ILR

IFD

VERR

Vi min

Vi max

+
+
-

Tc.s+1
Tb.s+1

Tc1.s+1
Tb1.s+1

Ka
Ta.s+1

Va max

Va min

IEEE Type ST1A

Vs
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POWER SYSTEM STABILISER acc. IEEE CONTROL LOOP - VREG 

PSS 2A 

Parameter Value Unit Description
Gsp3 
Tp4 
Tp5 
Gsp6 
Tp6 
Tp8 
Tp9 
Msp 
Nsp 

Gsp2 

0 … 100 
1 … 50 
1 … 50 
0 … 100 
0.01 … 50 
0.1 … 10 
0.1 … 10 
1 … 5 
1 …4 

0 … 300 

pu 
s
s
pu 
s
s
s
Integer 
Integer 

pu 

Power channel gain 
Speed channel wash-out time constant  
Power channel wash-out time constant 
Power channel gain 
Power channel time constant 
Ramp track filter numerator time constant 
Ramp track filter denominator time constant 
Ramp track filter parameter 
Ramp track filter parameter 

PSS Gain 
Tp1 
Psp2 
Tp2 
Psp3 
Tp3 
Mxsp 

1… 50 
0 … 10 
0.1 … 10 
0 … 10 
0.1 … 10 
0 … 0.2 

s
-- 
s
-- 
s
pu 

High pass filter time constant (Wash-out filter) 
Phase lead/lag filter high frequency gain 
Phase lead/lag filter time constant 
Phase lead/lag filter high frequency gain 
Phase lead/lag filter time constant 
Correction signal limitation 

gsp3

+

+
+

-

(tp7.s+1)^nsp
----------------------------
(tp8.s+1)^msp*nsp

gsp2 psp2.tp2.s+1
tp2.s+1

psp3.tp3.s+1
tp3.s+1

- mxsp

Frequency tp4.s
tp4.s+1

tp5.s
tp5.s+1

gsp6
tp6.s+1

PSS

to A.V.R.
Internal

Reference

PSS 2A

Active
Power

mxsp

tp1.s
tp1.s+1
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QUESTIONNAIRE PSS2A acc. IEEE 421.5 1992

These values must be known for the calculation: 

Generator 

VALUE
ALSTOM POWER

UNIT

Xd 1.97 p.u. 
xas 0.177 p.u. 
T´d0 4.671 s 
T´d 0.637 s 
fn 60 Hz 

H (generator only) 0.843 s 
I 11470 kg * m2

GD2 450082 kp * m2

Turbo or Salient Pole Turbo  

Main transformer data: 

VALUE
CUSTOMER

UNIT

S transfo   MVA 
uk   % 

3-pole subtransient short circuit power of the line: 

VALUE
CUSTOMER

UNIT

Sk´´min  GVA 
Sk´´max  GVA 



Power

For simulation use, Generator Voltage Ust, Voltage Reference and Field Voltage are defined in per unit values according 
to : IEEE TRANSACTIONS ON P.A.S., Vol. PAS-100, n°2,February 1981 A.V.R. Generator voltage is  defined in relation 
to the rated voltage, Field values are defined in relation to the no load excitation sizes. Parameters are calculated in 
accordance with these per unit values and shown in small letters. In the A.V.R. itself they appear related to the physical 
values and shown in capital letters.
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Adjustment of the AVR 

VALUE
TO DETERMINE BY 

ALSTOM POWER OR BY 
CUSTOMER 

UNIT

V0  p.u. 
Vp  p.u. 
V  p.u. 
Ta  s 
Tb  s 

Is the oscillation frequency known? ( natural frequency of the system). 

VALUE
CUSTOMER

UNIT

Fnat  Hz 

If the value is not known, the measurement is done at the commissining of the PSS. 



5.4.4 Navigant Interconnection Study for proposed tie to TVA  
(March 4, 2002) 
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THOROUGHBRED ENERGY CAMPUS 
RESULTS OF PRELIMINARY POWERFLOW ANALYSIS 

AND PRELIMINARY COST ESTIMATES 

1. Introduction 
Thoroughbred Generating Company (Thoroughbred) is developing the 1,500 MW 
Thoroughbred Energy Campus (Project) which will consist of two 750 MW units and 
will be located in western Kentucky between the ECAR and SERC reliability regions.  
Thoroughbred proposes to interconnect one unit with Big Rivers Co-op’s 345-kV 
system at the DB Wilson Generating Station and the other unit with TVA's 500-kV 
system near TVA’s Paradise Generating Station.  Thoroughbred has submitted 
interconnection requests to Big Rivers and TVA and work is progressing on the Big 
Rivers request.  However, work on the TVA request will not likely start for a few 
months. Therefore, for financing purposes, Thoroughbred retained Navigant 
Consulting, Inc. (NCI) to undertake a generation interconnection analysis and to 
develop preliminary estimates of system upgrade costs identified during the 
interconnection analysis. 

2. Powerflow Base Cases
The powerflow base cases used in these studies modeled 2005 summer peak load 
conditions and 2005 winter peak conditions and were acquired from the FERC Bulletin 
Board.   Lists of the generating units in the TVA area modeled in these cases were 
prepared and compared to information on existing TVA area generators as obtained 
from TVA submittals to the Energy Information Agency (EIA).  This step was 
undertaken to identify any new generators that might have been included in the base 
cases.  The only such generation identified was the 600 MW Lagoon Creek peaking 
facility, which will be interconnected with the Weakley-Shelby 500-kV line in western 
Tennessee.  

3. Identification of Potential New Generation 
The first step in identifying other potential new generators in the western portions of 
Kentucky and Tennessee consisted of reviewing TVA’s “interconnection request 
queue” as of October 4, 2001.  Table A-1 summarizes the results of this review and 
presents information on: 
1. The counties in which the potential generation resources would be located, 
2. Each proposed generator’s location with respect to a city/town, and 
3. The TVA 500-kV facilities in the proximity of each. 
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 The "proposed" new generation (based on the information provided in the queue) 
totals about 9,000 MW in western Kentucky and about 24,800 MW in western 
Tennessee.  If known/apparent duplications are removed and it is assumed that only 
the largest project in each county will be developed, the totals drop to 5,500 MW in 
western Kentucky and 13,600 MW in western Tennessee.  If only those units ahead of 
the Thoroughbred Project in the TVA queue are considered, the total potential 
generation in western Kentucky drops to about 6,900 MW while that in western 
Tennessee drops to about 6,700 MW. 

This information was reviewed with Thoroughbred and combined with information 
prepared by Thoroughbred.  As a result, the following “pre-Thoroughbred Project” 
generating facilities (with a combined capacity of 3,072 MW) were identified:
1. A 640 MW project interconnected with the Marshall 500-kV Substation located 

southeast of Paducah, 
2. An 800 MW project interconnected with the Montgomery 500-kV Substation 

located northwest of Nashville, 
3. Dynegy’s 832 MW Oldham County project interconnected with the Middletown 

Substation located east of Louisville. 
4. An 800 MW project interconnected with the Cordova-Johnsonville line. 

4. Scenarios Evaluated 
During these studies NCI identified estimated normal and contingency power flows on 
the transmission system in the Project area for the following scenarios with both 
summer and winter load conditions. 

Scenario 1
The Scenario 1 cases are based on the seasonal power flow base cases as obtained from 
the FERC Bulletin Board (refer to Section 2). 

Scenario 2
The Scenario 2 cases are pre-Thoroughbred Project cases based on Scenario 1 and 
including the 3,072 MW of new generation discussed in Section 3. 

Scenario 3
These are post-Thoroughbred Project cases based on Scenario 2 with a 750 MW 
Thoroughbred unit interconnected to the Big River's 345-kV system at DB Wilson via 
an 8-mile long 345-kV line.  Based on information from Thoroughbred the cases also 
included the following system reinforcements: 
1. A 20-mile long, double circuit 161-kV line from DB Wilson to Paradise, and 
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2. A 345-kV switchyard tying the DB Wilson-Coleman and the Smith-Elizabeth lines 
together (referred in the studies to the “Coleman Wilson” substation) 

In the process of developing the powerflow base cases for this Scenario, NCI noted 
that, when the Wilson-Coleman 345-kV line and the Smith-Elizabethtown line were 
tied together at the Coleman Wilson Substation, the resultant line from the 
interconnection point to Elizabethtown becomes overloaded.  Upon review it was 
determined that: 
1. This "overload" was likely due to the relatively low rating for the line (275 MVA), 

and
2. That the line’s rating was apparently based on the rating of a 345/138-kV 

transformer at Smith (also rated at 275 MVA) which is in series with the line. 
3. A more reasonable rating for the line between the Coleman Wilson Substation and 

Elizabethtown, based on the ratings of other 345-kV lines in the area, would be 
approximately 600 MVA.  This higher rating was used in the analysis. 

Scenario 4
These are the post-Thoroughbred Project cases based on Scenario 3 with a 750 MW 
Thoroughbred unit interconnected to TVA’s Paradise-Montgomery 500-kV line. 

5. Summary of Study Results 
Table 1 summarizes the results of the powerflow studies conducted on the four 
Scenarios from the perspective of new overloads due to the addition of the 
Thoroughbred generation and overloads that are increased by the addition of such 
generation.  Additional, detailed information is presented in Section 8 and in Tables A-
2 and A-3.  In developing Table 1 it was assumed that any loading above 100% of the 
rated capacity of a line or transformer would be considered an overload. 

TABLE 1 
SUMMARY OF STUDY RESULTS 

 Maximum Loading (%)  in Scenario  
 1  2 3 4 
Studies of N-0 (Base Case) Conditions 
Johnsonville 500/161-kV transformer 103 <80 <80 <80 
Three LG&E 138-kV lines 113-143 144-182 114-144 112-141 
Studies of Single Contingency (N-1) Conditions  1/ 

“New’ Overloads 
Wilson-Wilson Coleman 345-kV line <80 <80 115 117 
Marshall-Mayfield 161-kV line 87 97 103 104 
Oak Place-Clarksville 161-kV line 51 74 83 103 
Interchange-Hurricane 161-kV line 94 99 100 104 
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Pin Hook-Cane River 161-kV line 99 98 100 104 
Smyrna-Black Mtn. 161-kV line 94 97 95 102 
Increased Overloads 
Jackson 500/161-kV transformer 112 136 135 139 
Cordova Haywood-Cordova 500-kV line 69 105 101 107 
Bowling Green-Russelville 161-kV line 99 105 112 114 
Chesterfield-Hustb T 161-kV line 97 101 103 105 

Review of the information in Table 1 shows that addition of the Thoroughbred 
generation: 
1. Does not adversely impact the TVA system under normal operating conditions 

(those with no unplanned outages on the system),  
2. Could result in overloads on six transmission lines under single-contingency (N-1) 

outage conditions.  Five of these overloads are less than 5% in magnitude.
3. Could cause slight increases in some overloads noted in Scenarios 1 and 2.  These 

increases range from 1% to 9%.   

6. Potential Mitigation Solutions 
Table 2 summarizes potential solutions for mitigating the overloads noted in Table 1.   

TABLE 2 
POTENTIAL MITIGATION SOLUTIONS FOR NOTED OVERLOADS

 Est. Max. Loading (%) in Scenario Potential 
 Miles 1 2 3 4 Solution 
“New’ Overloads 
Wilson-Wilson Coleman 345-kV line 8 <80 <80 115 117 1. 
Marshall-Mayfield 161-kV line 25 87 97 103 104 1. 
Oak Place-Clarksville 161-kV line 13 51 74 83 103 1. 
Interchange-Hurricane 161-kV line 6 94 99 100 104 1. 
Pin Hook-Cane River 161-kV line 4 99 99 100 104 1. 
Smyrna-Black Mtn. 161-kV line 9 94 97 95 102 1. 
Increased Overloads 
Jackson 500/161-kV transformer ---- 112 136 135 139 2. 
Cordova Haywood-Cordova 500-kV line 40 69 105 101 107 2. 
Bowling Green-Russelville 161-kV line 30 99 105 112 114 2. 
Chesterfield-Hustb T 161-kV line 26 97 101 103 105 2. 
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Mitigation Solution 1
A potential solution to mitigating these overloads would be to increase the line ratings 
by replacing the limiting elements (switches, breakers, etc.) and/or re-sagging portions 
of the line to allow operation at a higher conductor temperature.   Review of a system 
impact report prepared by TVA in 2000 indicates that, at least on the TVA system, such 
may be possible.  Specifically, the TVA report notes that: 
1. The ratings on two of TVA’s 500-kV lines (the 16.6-mile long Browns Ferry-

Limestone line and the 45.8-mile long Widows Creek-Madison line) are limited to 
2,000 amps (1,732 MVA) by terminal equipment and line sag, 

2. The ratings of both lines could be increased to 3,000 amps (2,598 MVA) by re-
sagging portions of the line and replacing terminal equipment. 

3. The estimated cost for the above effort would be $6.6 million (equal to an average 
cost of approximately $100,000 per mile).   

Based on the above, the estimated cost for increasing the ratings of the six impacted 
lines (with a combined estimated length of 65 miles) is $6.5 million. 

Mitigation Solution 2
TVA and/or generators that come on line before the Thoroughbred generation should 
mitigate these overloads. 

7. Preliminary Cost Estimate for Interconnection Facilities 
The facilities required to interconnect the proposed 750 MW of generation with the 
TVA system include: 
1. A 7 mile long 500-kV line from the plant site to the proposed interconnection point 

with TVA’s Paradise-Montgomery 500-kV line, 
2. A 50 mile long 500-kV line from the above interconnection point to the 

Montgomery Substation, 
3. A 500-kV switchyard (in a four breaker ring bus configuration) at the proposed 

interconnection point, and 
4. Two 500-kV circuit breakers at the Montgomery Substation (to provide a 

termination bay for the new 500-kV line). 

The preliminary estimated costs (in 2002 dollars and exclusive of land costs) for the 
above facilities are summarized in Table 3.  The estimate assumes rolling hilly terrain 
and accuracy of plus-or-minus 20%.  A ring bus switchyard configuration was 
assumed as TVA has allowed this on other projects.  The Thoroughbred Plant 
Switchyard is not included in this estimate. 
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TABLE 3 
PRELIMINARY ESTIMATED COSTS FOR 

INTERCONNECTION FACILITIES 

Faciltiy 
Estimated

Cost 
($1000)

500-kV “tap” line 7,620 
500-kV line to Montgomery 54,450 
Interconnection switchyard 10,040 
Additions at Montgomery 4,960 

Total $77,070 

8. Detailed Discussion Regarding Study Results 
Review of the information in Tables 1 and A-2 and A-3 shows that under normal (N-0) 
conditions the addition of the Thoroughbred generation does not adversely impact the 
TVA system.  Specifically: 
1. The addition of the 750 MW Thoroughbred generator tied to the BREC system 

(Scenario 3) does not result in any new overloads. In fact, it tends to mitigate or 
decrease overloads that occur after the addition of the Scenario 2 generation. 

2. The addition of the 750 MW Thoroughbred generator tied to the TVA system 
(Scenario 4) does not result in any new overloads and tends to reduce the loadings 
in Scenario 3.

These studies also indicate that the addition of the first block of Thoroughbred 
generation (Scenario 3): 
1. Results in two new overloads under single contingency (N-1) outage conditions.  

These are as follows: 
a. Overloads of 13% (summer) and 15% (winter) on the 345-kV line between the 

Wilson and Coleman-Wilson substations as a result of an outage on the BREC 
Wilson-Green River 161-kV line.  A 4% overload also occurs on this line in the 
winter studies as a result of an outage on the Phipps Bend-Volunteer 500-kV 
line.

b. An overload of 3% (summer) on the Marshall-Mayfield 161-kV line as a result 
of an outage on the Marshall-Benton 161-kV line. 

2. Results in two increased overloads (above those in Scenario 2) under single 
contingency (N-1) outage conditions.  These are as follows: 
a. An overload of 12% (summer) on the Bowling Green-Russelville 161-kV line 

as a result of an outage on the Paradise-Bowling Green 161-kV line.  This line 
is overloaded by 5% in Scenario 2.

b. An overload of 3% (summer) on the Chesterfield-Hustb T 161-kV line as a 
result of an outage on the Jackson 500/161-kV transformer.  This line was 
overloaded by 1% in Scenario 2. 
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With respect to Scenario 4 (in which the second block of Thoroughbred generation is 
added), the studies indicate that under N-1 conditions: 
1. Some new overloads (in addition to those in Scenario 3) could occur.  These are as 

follows:
a. An overload of 4% (summer) on the Interchange-Hurricane 161-kV line as a 

result of an outage on the Pin Hook-Smyrna 161-kV line.   
b. An overload of 3% (summer) on the Oak Place-Clarksville 161-kV line as a 

result of an outage on the Montgomery-Davidson 500-kV line. 
c. An overload of 4% (summer) on the Pin Hook-Cane River 161-kV line as a 

result of an outage on the Montgomery-Davidson 500-kV line. 
d. An overload of 2% (summer) on the Smyrna-Black Mtn. 161-kV line as a result 

of an outage on the Gallatin-Lacassas 161-kV line. 
e. Overloads ranging from 1-2% (winter) on the 345-kV line between the Wilson 

and Coleman-Wilson substations as a result of five different outages. 
2. Two of the new overloads on the 345-kV line between the Wilson and Coleman-

Wilson substations noted in Scenario 3 would increase by 2-3%. 
3. Results in four increased overloads (above those in Scenarios 2 and 3) under single 

contingency (N-1) outage conditions.  These are as follows: 
a. An overload of 7% (summer) on the Cordova-Haywood 500-kV line as a result 

of an outage on the Gleason-Weekley 500-kV line.  This line was overloaded 
by 5% in Scenario 2. 

b. An overload of 39% (summer) on the Jackson 500/161-kV transformer as a 
result of an outage on the Cordova-Haywood 500-kV line.  This transformer 
was overloaded by 36% in Scenario 2 and by 5% in Scenario 3. 

c. An overload of 14% (summer) on the Bowling Green-Russelville 161-kV line 
as a result of an outage on the Paradise-Bowling Green 161-kV line.  This line 
is overloaded by 5% in Scenario 2 and 12% in Scenario 3.  

c. An overload of 5% (summer) on the Chesterfield-Hustb T 161-kV line as a 
result of an outage on the Jackson 500/161-kV transformer.  This line was 
overloaded by 1% in Scenario 2 and 3% in Scenario 3.



Nearest TVA Application Modeled

State County Location TVA 500-kV Queue Application Capacity Capacity

Sub/Line Number Date (MW) (MW)

Projects in Queue Before Thoroughbred Project

Kentucky Marshall SW of Paducah Marshall Sub 55 8/1/99 640 640

133 11/20/00 640 640

Logan Russellville Area Paradise- 106 6/6/00 800 800

Montgomery Line

Warren Bowling Green Area None 119 9/11/00 320

120 9/11/00 320

McCracken S of Paducah Shawnee or 124 11/2/00 640 640

Marshall Subs 125 11/2/00 340 340

137 11/22/00 950 950

Metcalfe E of Glasgow None 132 11/20/00 640

Muhlenberg Greenville Paradise Sub or 145 2/12/01 750

Area Paradise-Montgomery 146 2/12/01 750

Line 152 3/13/01 1,500 750

Subtotal 8,290 4,760

Tennessee Haywood Brownsville Area Johnsonville-Cordova 81 2/24/00 800 800

line

Hardin Savannah Area None 105 4/7/00 500

144 1/26/01 555

Weakley Martin Area Weakley Sub 116 8/6/00 555 555

Gibson Trenton Area Weakley-Shelby Line 151 3/7/01 340 340

Montgomery So of Clarksville Montgomery Sub 141 12/26/00 630 630

143 1/23/01 532 532

Humphreys Waverley Area Cumberland-Johnsonville 115 8/6/00 555 555

line

Maury Columbia Area Maury Sub 147 2/15/01 800 800

Subtotal 5,267 4,212

Total 13,557 8,972

TABLE A-1
PROPOSED PROJECTS IN WESTERN KENTUCKY/WESTERN TENNESSEE

THAT ARE AHEAD OF THOROUGHBRED IN THE TVA QUEUE
(Per TVA Queue of 10/4/01)

Navigant Study Tables a1-a3 Final.xls  NCI - 1/14/02



Nearest TVA Application Modeled

State County Location TVA 500-kV Queue Application Capacity Capacity

Sub/Line Number Date (MW) (MW)

Kentucky Monroe SE of Glasgow None 174 8/20/01 683

Tennessee Haywood line 172 6/29/01 1,070

Madison So of Jackson Johnsonville-Cordova 178 8/30/01 683

line 179 8/30/01 752

Fayette E of Memphis Cordova Sub 170 6/22/01 640

171 6/22/01 640

Robertson No. of Nashville Montgomery-Wilson 153 4/4/01 600

Line 169 6/21/01 1,450

Cheatham NW of Nashville Davidson Sub or 113 8/6/00 555

Montgomery-Davidson 154 4/4/01 600

line 155 4/4/01 1,200

Davidson NW of Nashville "  " 166 6/8/01 1,100

Wilson SE of Nashville Wilson Sub 164 6/7/01 1,450

Maury 162 6/6/01 1,100

165 6/7/01 1,450

176 8/20/01 586

182 10/2/01 617

183 10/2/01 926

Hickman Columbia Area Maury-Browns Ferry 159 5/2/01 600

line

Total 16,702

TABLE A-1 (Con't)
PROPOSED PROJECTS IN WESTERN KENTUCKY/WESTERN TENNESSEE

THAT ARE BEHIND THOROUGHBRED IN THE TVA QUEUE
(Per TVA Queue of 10/4/01)

Navigant Study Tables a1-a3 Final.xls  NCI - 1/14/02
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Section 1: Executive Summary 

1.1 Objectives of the MISO Plan 

The Midwest ISO Transmission system spans 15 states, and 1.2 million square miles from the 
Dakotas to Kentucky.  This large area encompasses an emerging electric market with diverse 
generation resources and over 100,000 miles of transmission.  As part of ongoing responsibilities 
delineated in Appendix B to the Agreement Of Transmission Facilities Owners To Organize The 
Midwest Independent Transmission System (TOA) the Midwest ISO develops a Transmission 
Expansion Plan designed to ensure the reliability of the Transmission System that is under the 
operational and planning control of the Midwest ISO.  Additionally, the plan is to identify 
expansion that is critically needed to support the competitive supply of electric power by this 
system.  The Plan is to consider all market perspectives, including demand-side options, 
generation location, and transmission expansion. 

These requirements are consistent with those set forth in FERC Order 2000 for RTO regional 
planning.  Order 2000 requires among other things, that the RTO must have ultimate 
responsibility for both transmission planning and expansion within its region that will enable it to 
provide efficient, reliable and non-discriminatory service and coordinate such efforts with the 
appropriate state authorities.  Order 2000 also recognizes the statutory authority of the states to 
regulate siting of transmission facilities.  As such, the RTO planning and expansion process must 
be designed to be consistent with these state and local responsibilities. RTOs must accommodate 
efforts by state regulatory commissions to create multi-state agreements to review and approve 
new transmission facilities.  To that end, the information in this MTEP-03 is provided for use by 
state authorities as well as market participants in determining expansions that are necessary for 
reliability purposes and additional expansions that may provide opportunities to reduce consumer 
energy costs.  Through continuing discussions with state regulatory and siting authorities, MISO 
hopes to provide planning information valuable to states in determining which regional 
transmission expansion opportunities should be developed, and how the costs of those facilities 
should be recovered. 

1.2 The MISO Planning Process 

This is the first Midwest Independent Transmission System Operator (MISO) Transmission 
Expansion Plan (MTEP).  This initial plan covers the period 2002 through 2007. 
This issue of the plan is referred to as the MTEP-03 in reference to the year of issue.  MISO 
planning staff developed the MTEP-03 with input from stakeholders through multiple forums at 
MISO.  These forums included the Planning Advisory Committee, Planning Support Group, 
Expansion Plan Group, and the Advisory Committee.  These groups drove the scope and 
structure of the expansion plan effort, and assisted by providing guidance, data, information, 
plans, assessments, and reviews and critiques of the MTEP-03 report. 

The expansion planning process at the Midwest ISO is an evolving process that integrates the 
planning activities of providing for ongoing load growth, interconnecting new generation and 
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transmission, and providing transmission service.  These planning activities are performed 
collaboratively between the Midwest ISO planning staff and the planning staffs of the 
Transmission Owners, including Independent Transmission Companies (ITCs), with regular 
input from stakeholder groups. 

The regional planning perspective of the MISO relies on the continued local planning 
responsibilities of the Transmission Owners and ITCs to ensure reliability of their systems.  
These local system plans are reported to MISO and integrated.  These plans include plans 
developed solely by the Transmission Owners and ITCs to meet load growth, as well as plans 
resulting from MISO responses to requests for transmission delivery and interconnection service.  
The MISO is responsible for evaluating these integrated plans for their ability to meet the 
obligations of the MISO to ensure reliability in an efficient manner, and to identify the ability of 
these plans to meet the projected demands of the energy market in the Midwest. 

Coordination with entities at MISO seams continues to evolve.  MTEP-03 was developed with 
cooperative input from adjacent systems such as WAPA, AEP, TVA, and others.  These entities 
participated in updating system models, and attended support and advisory group meetings in the 
development process.  SPP staff assisted in the development of the plan during most of 2002 
while the MISO-SPP merger proposal was in place.  However, the merger was terminated prior 
to the completion of the report, and the report is not intended to represent the opinions of, nor in 
any way be considered a product of the SPP staff or regional membership.  MISO and PJM have 
developed a planning coordination protocol that provides for close coordination of data, models, 
studies, and development of regional expansion plans going forward.  We anticipate that this 
protocol will begin to be implemented during 2003. 

1.3 Reliability-Based Versus Commercially Beneficial Projects 

MTEP-03 consists of both a “plan” to ensure the ongoing reliability of the MISO Transmission 
System, and an “analysis” of issues impacting the development of commercially beneficial 
expansions. Not all potential transmission expansions evaluated in this MTEP are required in 
order to maintain reliability standards.  Certain transmission system expansions are needed to 
provide for transmission system performance within applicable reliability standards while 
meeting the ongoing service obligations to existing transmission customers.  Such projects are 
considered required reliability projects, and are identified in the tables in Appendix A.  Pro ects 
in Appendi  A that are designated as Planned pro ects are recommended by the MISO to 
be completed by the service dates identified.  Other projects listed in Appendix A are 
designated as Proposed projects.  Proposed projects are tentative solutions to identified needs, 
and require additional planning before they are endorsed by the Transmission Owners or the 
MISO as the preferred solution.  Section 6 of this report focuses on the plans for expansion of the 
MISO system that have been developed by the MISO Transmission Owners. 

Other transmission system expansions discussed in Section 8 of this report are under 
consideration as representative projects with potential benefit in relieving congestion potentially 
reducing cost of electricity to consumers.  They are not at this time considered necessary to 
maintain basic reliability of the system.  It is the expectation of the MISO that projects of this 
type will be of interest to market participants and to regulatory authorities.  The MISO will 
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continue to evaluate these and other projects with possible commercial benefits, and will work 
with stakeholders including regulatory authorities in defining the value of such projects.  It is the 
intent of the MISO to demonstrate the beneficiaries of such projects where possible in order to 
assist in the determination of equitable cost recovery for such projects in the event it is 
determined that such projects should proceed. 

In this initial analysis, the impact on LMP and associated wholesale marginal energy costs of 
various generation and transmission development scenarios were compared as a measure of 
consumer benefits.  While this approach reflects costs savings that may be available to 
consumers and enables comparisons between scenarios, it is not entirely representative of 
consumer benefits that may result.  Many factors are involved in determining true consumer 
costs, such as: 

• Whether the generation component of consumer prices in an area is set by cost-of-service 
based regulation, or by market clearing prices; 

• To what extent load serving entities make economic wholesale purchases and sales, and how 
the costs of those transactions are passed through to consumers; and 

• The relative costs of capital investment in transmission and generation between scenarios. 

These and other economic and policy considerations need further vetting before opportunities 
identified in this report can be determined to be in the best interest of consumers. 

1.4 Key Findings 

Summary 

This initial expansion planning effort of the MISO has resulted in the following key findings: 

The combined plans of the Transmission Owners result in an estimated $1.84 billion in 
new transmission investment either Planned or Proposed over the five-year period 
through 2007. 

About $1.32 billion of these projects are considered Planned, which means the 
Transmission Owners believe these plans should proceed.  The remaining Proposed 
projects address known reliability issues, but continue to be evaluated. 

The majority of the line additions in these plans represent improvements to existing 
facilities in the 161 kV class and below. 

About 3% of the more than 100,000 miles of transmission in the MISO is planned for 
additions or enhancements. 

19 constrained facilities in the MISO footprint account for 80% of the NERC 
Transmission Loading Relief (TLR) called on MISO facilities to relieve congestion. 

12 of these 19 most problematic flowgates are being addressed by plans in the MTEP. 
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Locational Marginal Price (LMP) analysis indicates that new generation development 
that contains a higher percentage of coal and renewable resources than reflected in the 
existing queues could result in lower marginal costs of wholesale energy. 

Many of the potential sites for new coal and wind development are in congested areas of 
the system, and transmission expansion in these areas could result in improved delivery 
of the most efficient existing and new resources. 

Reductions in marginal costs of wholesale energy appear sufficient in several scenarios to 
offset capital costs for development of new low marginal cost resources and transmission 
to accommodate delivery of these resources. 

Initial investigation of potentially commercially beneficial transmission indicated that 
between $304 million and $1.6 billion in reduced annual marginal cost of wholesale 
energy could result from addition of transmission together with higher amounts of wind 
and coal, depending on natural gas price projections. 

Volatility of natural gas prices can significantly affect the value of transmission 
additions.

Transmission Owner Plans 

A list of MISO-recommended transmission projects that are considered Planned or Proposed are 
in Appendix A along with an expansion-planning map. Planned projects are those for which a 
system condition has been found to violate applicable planning standards, and the Planned 
project has been determined to be the recommended project from among alternatives.  Planned 
projects may be in various stages of corporate internal and external approval processes.   

Proposed projects are those for which a system condition has been found to violate applicable 
planning standards, and the proposed project is the best-known alternative at this time. 

Proposed projects will continue to be evaluated and, unless system conditions change from 
projected, the Proposed project will either become a Planned project, or will be replaced by a 
preferred alternative Planned project in subsequent issues of the MTEP.  The total estimated 
direct cost of the Planned and Proposed facilities is 1.8 billion for the six-year period 2002-
2007.  Of these recommended projects, $1,324 million are considered Planned, and $471 million 
are considered Proposed and will continue to be reviewed. 
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In total, there are 3,500 miles of transmission lines planned for new construction or enhancement 
by the MISO Transmission Owners by 2007.  This includes lines that went in service in 2002, as 
well as lines Planned or Proposed through 2007.  About 1,200 miles of the 3,500 miles represent 
an increase as new corridor usage for the five-year planning horizon. For reference, there are 
approximately 112,000 miles of existing transmission lines throughout the MISO area. 
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Of the planned and proposed transmission, the majority is in the 161 kV voltage class and below, 
and most represent enhancements to existing facilities as opposed to construction involving new 
corridors.

Ma or Planned Pro ects 

Following are the Planned projects by MISO member systems for the 2002-2007 planning 
horizon that have estimated costs of $15 Million or more.  These projects account for $1,022 
million, or about 78% of the total cost of all planned projects for the five-year period.  Section 6 
of this report contains descriptions of these and other major projects.  Appendix A contains a 
listing of all Planned and Proposed projects. 
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Note: The underlined links shown in the Project column below connect to more detailed 
information about each project. 

Planned Pro ects Over 15 Million 

Project Description 
Planning 
Region 

Map 
Grid  
Loc Driver 

Service 
Date

Est. Cost 
($M) 

Arrowhead-
Weston

220 miles of 345 kV line, 
Northpoint-Weston 24 Miles 
115 kV, 345/230 kV tr at 
Arrowhead, PAR at Arrowhead, 
two 345/115 kV tr at Weston 

Central I4-J6 Load 2006-
2007

$397.1 

Buffalo Ridge (Southwest Minnesota) 825 MW 
of Generation Outlet; Lakefield-
Nobles-Split Rock 94 miles of 
345 kV, 345/115 kV tr at 
Nobles, 34 miles of 161 kV, and 
26 miles new/15 miles rebuild of 
115 kV 

Northwest G4-G6 Generation 2005 $105.1

Buffalo Ridge (Southwest Minnesota) 425 MW 
of Generation Outlet, 21 
projects including 260 miles of 
115 kV rebuild, 36 miles 115 kV 
new, and 230-115 kV tr at Black 
Dog and Minnesota Valley. 

Northwest G4-G6 Generation 2004 $83.2 

Harvey-Glenboro 

US Portion
Canadian Portion

158 Miles of 230 kV, and Rugby 
230-115 kV tr 

Northwest E3 40% Load, 
10% Gen, 
50% Tr. 

Ser 

2002 $69.9 

Chisago Electric 
Reliability Project

4.5 new/ 20.6 rebuild miles of 
161 kV, 16 miles of 115 kV 
rebuild, and two 161-115 kV tr 
at Lawrence Crk 

Northwest I5 Load 2005 $64.3 

Oak Creek-
Brookdale-
Granville

345 kV 4 miles new & 36 
rebuild, Brookdale 345-138 kV 
tr

Central L7 Generation 2007 $51.4 

Venus-Crandon-
Laona-Goodman-
Plains

73 Miles of 138 kV and Venus 
138/115 kV tr 

Central K5 75% Load, 
25% other 

2005 $43.0 

Rosser-Silver 65 Miles 230 kV Northwest F2 Load 2005 $33.9 

Northern AC 
Transmission 
System 
Requirements

230-138 kV tr at Kelsey Station, 
new 150 MVAR Static Var 
Compensator at Ponton Station

Northwest Manitoba Load 2003 $29.7 

Callaway-Franks 345 kV, 54 miles Central I10 Load 2005 $27.3 

(continued)
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Project Description 
Planning 
Region 

Map 
Grid  
Loc Driver 

Service 
Date

Est. Cost 
($M) 

Oak Creek-
Bluemound

24 miles of 230 kV converted to 
345 kV, and Bluemound 
345/138 kV tr 

Central K7-L7 Generation 2007 $23.8

Jefferson City 
Area 
Development

15 miles of 345 kV, 15 miles of 
161 kV and 345/161 kV tr at 
Jefferson 

Central I11 Load 2006 $22.7 

Reedsburg Area 69 kV Loop, 34 miles converted 
to 138 kV and One mile of new 
138 kV 

Central J7-K7 75% Load, 
25% other 

2005 $20.1

Lannon Junction 345-138 kV Substation Central K7-L7 60% Load 
40% Other 

2005 $18.0 

Rush Island-St. 
Francois

Second 345 kV, 17 miles Central J10 Load 2003 $16.5 

Forest Junction Two 345-138 kV tr’s and rebuild 
sections of 138 kV line. 

Central K6 25% Load 
75% Other 

2003 $15.7
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Overall System Reliability 

The Transmission Owners of the MISO have responsibility to plan their local systems to meet 
applicable reliability standards.  These standards include those of NERC, the NERC Regional 
Councils, and local system standards.  The roll-up of local area plans represent the results of a 
great many system studies performed both independently and collaboratively with the MISO to 
ensure the ongoing reliability of the MISO system.  These studies occur in the context of 
ongoing transmission service and generator interconnection requests, and through reliability 
assessments performed by the Transmission Owners in compliance with NERC reliability 
standards.  In addition, the MISO performed a single contingency evaluation of the performance 
of the combined plans, and found the planned system to be within thermal performance limits 
through the 2007 period.  In subsequent issues of the MTEP, MISO will report on additional 
more comprehensive reliability studies to be performed by MISO in collaboration with the 
Transmission Owners. 

Solutions to Constrained Facilities 

NERC has developed Transmission Loading Relief (TLR) procedures to manage system security 
in times of congestion.  There are nine levels of TLR.  Level 3a and above involve curtailment of 
transactions. Level 6 is the highest level emergency action. 

TLR was called on 110 MISO flowgates during the 24-month period from January 1, 2001, 
through December 31, 2002. Over this period, 19 MISO flowgates accounted for 80% of 
flowgate hours in TLR.  Of these 19 most problematic flowgates, 12 are addressed by Planned or 
Proposed transmission projects within the five year planning horizon.  Nine of these flowgates 
are addressed by projects to be in service by 2004.  MISO continues to evaluate the remaining 
flowgates with the highest incidence of TLR to determine the value in relieving these constraints. 

Pro ects of Commercial Interest 

MTEP-03 also provides analyses intended to identify transmission expansions that the MISO 
believes could be commercially beneficial.  Commercial benefits are potentially derived from 
access by loads to additional fuel supplies, changes in total generation production costs, and 
changes in transmission congestion costs.  These values were estimated for the 2007 timeframe 
using a production cost simulation that includes a security-constrained dispatch (GEMAPS).  
This model produces projections of Locational Marginal Prices (LMP) that would occur in a 
marginal cost bid-based energy market with a security-constrained dispatch. “Benefits” of one 
scenario over another can depend on the point of view.  The analyses principally provide 
comparisons of the marginal wholesale price of energy at load and generator busses for various 
future development scenarios involving new generation and transmission.  Other impacts 
evaluated included selected generator energy production, production costs, loadings of selected 
transmission lines, and constraints that contribute to congestion cost. 

This approach to regional transmission plan identification bridges the gap between generation 
and transmission planning that are no longer integrated functions for many electricity providers.  
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The result is identification of regional transmission expansion that may provide for a more 
efficient energy market in the Midwest.  The design of the planned transmission system has been 
driven primarily by load growth, transmission service rights, and generation developments with 
known commitments.  It is generally not designed to accommodate other possible generation 
development scenarios that could benefit from forward-looking transmission plans.  In this first 
report, the MISO begins a process of evaluating specific transmission expansions that may 
enhance the ability of the MISO system to deliver generation supplies under various future 
generation development scenarios that are driven by the diverse energy resources of the 
Midwest.

The MISO evaluated several possible generation and transmission development scenarios.  
Generation scenarios were guided by stakeholder input; particularly scenarios that represent 
greater development of coal and renewable resources (wind) than are represented in the formal 
generation interconnection queue.  The effects of these alternative generation development 
scenarios on locational marginal prices were compared under several transmission expansion 
configurations.  Section 8 of this report provides the details of the scenarios and the results. 

Market participants and regulatory authorities can compare the reductions in the wholesale 
marginal energy prices from the base plan for a given generation and transmission development 
scenario in considering whether the proposed transmission addition has value.  The analysis has 
not at this time explicitly included consideration of the capital costs of the postulated generation 
and transmission additions.  In some scenarios, however, the analyses indicate that reductions in 
marginal costs may be sufficient to more than offset capital costs, if reduced wholesale 
transaction costs can be passed through to consumers.  For these cases, the MISO will continue 
to evaluate the transmission alternatives. 
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Drivers for Generation and Transmission Concepts 

MISO considered several factors, including the following in developing regional transmission 
concepts for initial analyses. 

The location of abundant supplies of coal, wind and hydro resources relative to major 
load centers within the MISO market area 

LMP differentials between regions in the Base Case indicating a potential for market 
transactions

Constrained interfaces with the greatest contributions to congestion in the Base Case  

Input from transmission owners  

Potential development plans for wind powered generation and for base-load coal-fired generation 
were submitted to the MISO by stakeholders.  The wind plan was submitted by the American 
Wind Energy Association (AWEA) and Wind-On-The-Wires (WOW).  The coal plan was 
developed in consultation with many of the utility and non-utility coal developers in the region. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AREAS OF WIND POTENTIAL IN THE UNITED STATES MAJOR COAL BASIN OF THE UNITED STATES 
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The generation in the Base Case is representative of existing units and units in the 
interconnection queues of MISO and nearby systems that have executed interconnection 
agreements.  For each of the generation scenarios developed, MISO added capacity equal to 
approximately 40% of the total capacity in the queues.  The differences in added capacity by fuel 
type for each scenario is shown in the table below. 

Capacity Additions to Base Case Nameplate MW  
for Various Generation Scenarios Evaluated 

Fuel 
Base Case  

(%) 

Higher Gas 
(Reflects 
Queue -

Minimal Wind) 

Higher Gas 
(Reflects 

Queue - More 
Wind)

Balanced 
(More Coal) 

High
Wind

Coal 52.9% 3250 3250 10019 3250

Natural Gas 29.2% 35050 35050 28050 35050 

Nuclear 8.8% 0 0 0 0

Hydro 3.8% 0 0 0 0

Oil 3.7% 0 0 0 0

Wind 0.34% 0 3246 0 9335

Other 1.32%. 0 0 0 0
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The Effect of Fuel Price Changes 

Many of the combined generation and transmission concepts investigated result in significant 
reductions in the marginal price of wholesale energy.  This resulted both because of the 
introduction of new resources with lower marginal cost than many existing resources, and 
because the transmission enabled improved access to the new resources.  Those scenarios that 
assumed higher prices for natural gas significantly influenced the results.  Sensitivities to price of 
other fuels have not been evaluated at this time. 

Recent trends in natural gas prices have shown significant volatility, as demonstrated by the five-
year data below from the Energy Information Administration.  MISO tested the impact of natural 
gas prices using a reference price of between $3.24/mmBtu and $3.85/mmBtu, and using a 
higher price of $5/mmBtu. 
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Most Effective Transmission Concepts 

MISO considered eleven separate configurations of exploratory transmission, in various 
combinations with differing generation development scenarios.  The transmission configurations 
and generation scenarios considered are tabulated below.  The most effective of transmission 
expansions explored are highlighted in blue in the transmission table below.  It is important to 
note that these are very preliminary indications of potentially effective transmission 
e pansions in the Midwest.  Much additional economic and reliability studies would need 
to be completed before such plans could be definitively recommended for development. 

In addition, much of the benefit found associated with the identified transmission concepts derive 
from the alternative generation developments that are enabled or facilitated by the transmission 
additions.  While the transmission provides some benefits under the Base and High Gas 
generation scenarios, the benefits are much reduced if the alternative coal and wind generation 
scenarios do not develop. 

Each of these scenarios is described in detail in Section 8 of this report, and the appendices 
include detailed technical descriptions of how the scenarios were formulated and modeled.  Most 
of these transmission configurations resulted in lower marginal wholesale energy prices to loads 
when combined with generation development scenarios that included higher percentages of coal 
and wind generation.  Transmission was added in areas where the planned system is constrained, 
and cannot accommodate delivery of both the new and existing resources.  Not all plans, 
however, appeared to provide enough value to cover the estimated capital costs of the 
transmission plans. 

Generation Scenarios 

• Base Plan  

• High Gas Development  

• High Coal Development 

• High Wind Development 

All of the above with sensitivity to gas prices. 
Reference gas price:  $3.24-$3.85 $/mmBTU 
High gas price: $5.00/mmBTU 

Exploratory Transmission 

• Base Plan 

• Rockport-Paradise 765 kV & TVA 500 kV 

• Rockport – Paradise 765 kV & S. IL & 
Missouri 345 kV  

• Iowa & S. Minn. 345 kV & Dakotas 500 kV 

• SPP 345 kV Expansion

• N.W. 345 kV Expansion & Dakotas 500 kV 

• S. IL & S. IN 765 kV and 345 kV 

• System-wide 345 kV  

• MAPP- SPP 500 kV Overlay 

• Michigan 765 kV 

• High Voltage Overlay 
(765 kV, 500 kV, 345 kV) 
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The following pages show results of the LMP-based congestion analysis for selected 
combinations of transmission and generation scenarios that appear to provide the best values.  
The exploratory transmission plans that resulted in the best value were, as expected, those that 
provide for additional outlet for coal generation in southern Illinois and Kentucky, and those that 
provide for additional outlet for coal and wind resources in the Dakotas, Minnesota, and Iowa.  
These area-specific expansions were more cost effective than other more sweeping system-wide 
expansions in that they achieved the majority of the savings in marginal energy cost for lower 
amounts of transmission investment. 

The area over which the marginal costs are calculated in these summary figures is a wide area 
that extends beyond the MISO, and includes most of the Eastern Interconnection with the 
exception of Texas, Florida, New York and New England.  Other more targeted roll-ups of data 
are provided throughout this report, permitting a view of changes in marginal energy costs 
between scenarios for smaller areas.  The summaries below include charts of percentage share of 
the total cost reductions by selected regions of the Eastern Interconnection. 

The simulation results showed that a new 765 kV transmission line between the Rockport 
substation in Indiana, and the Paradise substation in Kentucky, when modeled in the High Coal 
development scenario could result in reduced marginal energy costs of about $1.4 billion 
annually over a wide area that includes ECAR, MAIN, MAPP, SPP, Entergy, TVA, Southern 
Companies, MAAC, and VACAR.  This compares to a high gas development case with a 
comparable amount of new generation capacity added to the system, and with natural gas prices 
at $5.00/mmBtu.  Most of these benefits (77%) are shared among consumers in ECAR, MAIN, 
MAPP, TVA and Southern.  The cost of the transmission line is estimated at about $294 million, 
with an approximate levelized annual charge on the order of $59 million.  It would seem that this 
difference between annual line cost and energy savings would provide for substantial savings 
remaining to cover the incremental capital cost to support the new coal unit investment.  At the 
lower gas prices, the total savings are cut in half. 

Similar results are seen for the second expansion shown.  In this case, the Rockport-Paradise 
expansion is included in a more generalized area enhancement program that includes several 345 
kV expansions in southern Illinois and southeastern Missouri.  The 345 kV enhancements “close-
up” parts of the 345 kV network in the region, and provide additional outlets for existing and 
new coal generation in Kentucky, Indiana, and Illinois.  This series of projects would be more 
expensive, estimated at about $177 million annually in transmission fixed costs.  The resulting 
energy cost savings are even greater than in the Rockport-Paradise case, however, at about $1.6 
billion annually.  Again, the energy cost benefits are spread over customers predominantly in 
ECAR, MAIN, TVA, Southern, and MAPP. 

Another case with potentially favorable cost reductions to consumers was the development of 
additional 345 kV expansions in Iowa and southern Minnesota, and 500 kV in the Dakotas.  This 
configuration was estimated at about $155 million annually in transmission costs, with an annual 
energy cost savings of $444 million for the High Wind development scenario, with higher gas 
prices.  These savings were reduced by about 30% at the lower natural gas prices.  Although 
these plans improved the economic dispatch of resources and resulted in lower annual marginal 
costs of wholesale energy in the models, the plans were clearly not optimized solutions in that 
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they did not substantially alleviate several of the significant constraints and related congestion in 
the area.  Additional tuning of these plans to more closely address area constraints and to tie 
more directly to area load centers should result in more benefits than those shown for the Iowa-
Minnesota concepts as configured. 

A fourth transmission expansion concept that performed well was the SPP 345 kV Expansion.  
This concept was developed as a means of eliminating the most significant constraints found in 
the 2007 Base transmission case.  It is not intended to imply specific routing or design of 
facilities.  The transmission shown is one means of relieving some of the most significantly 
congested paths that were identified in the MTEP base generation and transmission 
configuration.  Reliability and operational issues have not been evaluated yet for these concepts.  

It is important to note that although the SPP staff participated in early development work for the 
MTEP, SPP staff and regional members were not a part of the development of the SPP 345 kV 
Expansion concept shown below.  In fact, some SPP members have expressed concern that this 
concept is not an accurate representation of the future needs for transmission expansion in the 
SPP area.  The MISO believes that the SPP concept is reasonable within the set of assumptions 
applied to this study, and provides this information to stimulate additional discussion and study 
of the value of these or similar ideas.  Specifically, the modeled 2007 system with an LMP-based 
wholesale market between the MAPP area, the MAIN area, and SPP, and with the predominance 
of coal as a fuel in MAPP and MAIN versus gas in the SPP area, indicates opportunity for 
imports into SPP.  The model indicated system constraints to such transfers.  In addition, the 
wind scenarios studied by MISO did not specifically focus on the wind potential in west Kansas, 
and some of the transmission suggested in the SPP concept, or variations, may have merit in 
providing access to that wind potential.  The transmission concept provides increased transfer 
capacity between MAPP and SPP, provides for connections between the transmission in western 
and eastern Kansas, and parallels constrained paths between Oklahoma and Kansas.  Results 
indicated significant marginal energy cost savings primarily to the SPP area, under the conditions 
modeled.

These scenarios overall indicate the potential for substantial energy cost savings associated with 
transmission expansion in constrained areas, depending on generation investment decisions, and 
on future fuel prices.  Tuning of the transmission concepts to exclude less effective aspects could 
yield higher benefits per dollar of transmission. 
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Exploratory Plan 
Rockport-Paradise 765 kV Line and TVA 500 kV 

Estimated Transmission Cost (Direct 2001 Dollars): $294 Million 
Estimated Annual Fixed Charge for Transmission: $59 Million 

Balanced Generation Development (Higher Coal)

Annual Reduction In Marginal Wholesale Energy Cost 
As Compared to High Gas Development Case: 

$5.00/mmBtu Natural Gas: $1,421 Million 

$3.24-$3.85/mmBtu Natural Gas: $670 Million
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Exploratory Plan 
Rockport – Paradise 765 kV and S. IL, IN and Missouri 345 kV 

Estimated Transmission Cost (Direct 2001 Dollars): $844 Million 
Estimated Annual Fixed Charge for Transmission: $169 Million 

Balanced Generation Development (Higher Coal)

Annual Reduction In Marginal Wholesale Energy Cost 
As Compared to High Gas Development Case:

$5.00/mmBtu Natural Gas: $1,685 Million 
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Exploratory Plan 
Iowa and S. Minn. 345 kV and Dakotas 500 kV 

Estimated Transmission Cost (Direct 2001 Dollars): $667 Million 
Estimated Annual Fixed Charge for Transmission: $132 Million 

High Wind Generation Development

Annual Reduction In Marginal Wholesale Energy Cost 
As Compared to High Gas Development Case: 

$5.00/mmBtu Natural Gas: $444 Million 

$3.24-$3.85/mmBtu Natural Gas: $304 Million 
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Exploratory Plan 
SPP 345 kV Expansion 

Estimated Transmission Cost (Direct 2001 Dollars): $503 Million 
Estimated Annual Fixed Charge for Transmission: $101 Million 

Base Generation Development 

Annual Reduction In Marginal Wholesale Energy Cost 
As Compared to Base Transmission Case:

$5.00/mmBtu Natural Gas: $517 Million 

$3.24-$3.85/mmBtu Natural Gas: $259 Million 
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1.5 Continuing Plan Development 

This initial expansion plan report of the MISO is being issued approximately eighteen months 
after MISO began initial operations in February 2002.  It is the intention of the MISO to issue a 
full planning report at least biennially, with interim year updates.  The next phase of the 
expansion plan will focus more directly on an independent baseline reliability assessment that 
will provide an RTO-wide view of the reliability performance of the system that is being planned 
collectively but not on a regional basis by the Transmission Owners.  In parallel with that effort, 
MISO will continue to refine the congestion analyses begun with this report, in an effort to 
provide market participants with ongoing economic information that will guide their investment 
decisions.  The MISO looks forward to working closely with the newly formed Midwest Multi-
State Committee to provide additional information of value to the states. 


